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(54) DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a display device 
in which the Kerr effect is stabilized by lowering the 
phase transition temperature between the liquid crystal 
phase and the isotropic phase, and further the drive 
voltage is lowered. 

SOLUTION: The display device is equipped with 
substrates 1, 2, at least one of which is transparent, a 
mfedium layer 3 interposed between the substrates i, 2 
and electrodes 4, 5 applying electric field to the medium 
layer 3, wherein the medium in the medium layer 3 
contains a liquid crystalline material, a chiral agent and a 
non-polar material. As a result, in the medium no drastic 
structure change will occur, in the vicinity of the phase 
transition temperature of the liquid crystalline material 
between the isotropic phase and the liquid crystal phase, 
and the phase transition temperature lowering effect is 
brought about. Also the non-polar material weakens 
mutual constraints among the components of the liquid 
crystalline material, and as a result, orientation of the 

liquid crystalline material molecules becomes easier to be changed and the drive voltage 
lowering effect is concurrently brought about Consequently, the display element in which the 
Kerr effect is stabilized by lowering the phase transition temperature between the liquid crystal 
phase and the isotropic phase and further the driving voltage is lowered, is realized. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

It is the display device equipped with the medium from which at least one side is ****(ed) 
between the substrate of a transparent pair, and the substrate of the pair concerned, and optical 
anisotropy changes with impression of electric field, 
The above-mentioned medium is non-liquid crystallinity matter, 

at least two kinds of liquid crystallinity matter with which isotropic phase-liquid crystal phase 
phase transition temperature differs mutually — containing — and 

The display device characterized by having the optical isotropy at temperature lower than the 
isotropic phase-liquid crystal phase phase transition temperature of each above-mentioned 
liquid crystallinity matter. 
[Claim 2] 

The above-mentioned medium is a display device according to claim 1 further characterized by 
including a chiral agent. 
[Claim 3] 

It is the display device equipped with the medium from which at least one side is ****(ed) by the 
substrate of a transparent pair, and the substrate of the pair concerned, and optical anisotropy 
changes with electric-field impression, 

The above-mentioned medium is a display device characterized by including at least two kinds of 
liquid crystallinity matter with which isotropic phase-liquid crystal phase phase transition 
temperature differs mutually, the non-liquid crystallinity matter, and a chiral agent. 
[Claim 4] 

The display device according to claim 1 or 3 characterized by the above-mentioned non-liquid 
crystallinity matter being non-polar matter. 
[Claim 5] 

The above-mentioned electric-field impression means is a display device according to claim 1 or 
3 characterized by the thing which was done for opposite arrangement, and which are equipped 
with the Kushigata electrode of a pair at least in the direction in which it is prepared in an 
opposed face side with the substrate of another side in one substrate of the substrate of the 
above-mentioned pair, and a ctenidium part gears mutually. 
[Claim 6] 

The display device according to claim 1 or 3 to which the above-mentioned ctenidium part is 
characterized by having a wedge-action-die configuration. 
[Claim 7] 
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The display device according to claim 1 or 3 to which the include angle which the bending part of 
the above-mentioned wedge-action-die configuration makes is characterized by being less than 
**20 degrees 90 degrees. 
[Claim 8] 

The display device according to claim 1 or 3 characterized by forming the orientation film in one 
[ at least ] substrate among the substrates of a top Norikazu pair. 
[Claim 9] 

The display device according to claim 8 to which the above-mentioned orientation film is 
characterized by being an organic thin film. 
[Claim 10] 

The display device according to claim 8 characterized by the above-mentioned orientation film 
consisting of polyimide. 
[Claim 11] 

The display device according to claim 8 characterized by performing level orientation processing 
to at least one side of the above-mentioned orientation film. 
[Claim 12] ' m 

The above-mentioned liquid crystallinity matter is a display device according to claim 1 or 3 
characterized by showing the optical isotropy at the time of no electric-field impressing, and 
showing optical anisotropy by impression of an electrical potential difference. 
[Claim 13] 

The above-mentioned liquid crystallinity matter is a display device according to claim 1 or 3 
characterized by showing optical anisotropy at the time of no electric-field impressing, and 
showing the optical is;otrdpy by impression of an electrical potential difference. 
[Claim 14] 

The above-mentioned liquid crystallinity matter is a display device according to claim 1 or 3 
characterized by having the orientation order below the wavelength of light at the time of no 
electrical-potential-difference impressing. 
[Claim 15] 

The display device according to claim 1 or 3 to which the above-mentioned liquid crystallinity 
matter is characterized by having the order structure which shows cubic symmetric property. 
[Claim 16] 

The display device according to claim 1 or 3 characterized by the above-mentioned liquid 
crystallinity matter consisting of a molecule in which a cubic phase or a smectic D phase is 
shown. 
[Claim 17] 

The display device according to claim 1 or 3 characterized by the above-mentioned liquid 
crystallinity matter consisting of a liquid crystal micro emulsion. 
[Claim 18] 

The display device according to claim 1 or 3 characterized by the above-mentioned liquid 
crystallinity matter consisting of a lyotropic liquid crystal in which a micell phase, an inverted 
micelle phase, a sponge phase, or a cubic phase is shown. 
[Claim 19] 

The display device according to claim 1 or 3 characterized by the above-mentioned liquid 
crystallinity matter consisting of a liquid crystal particle dispersed system which shows a micell 
phase, an inverted micelle phase, a sponge phase, or a cubic phase. 
[Claim 20] 

The display device according to claim 1 or 3 characterized by the above-mentioned liquid 
crystallinity matter consisting of DIN DORIMA. 
[Claim 21] 

The display device according to claim 1 or 3 characterized by the above-mentioned liquid 
crystallinity matter consisting of a molecule in which a cholesteric blue phase is shown. 
[Claim 22] 

The display device according to claim 1 or 3 characterized by the above-mentioned liquid 
crystallinity matter consisting of a molecule in which a smectic blue phase is shown. 
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[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the display device which has the display engine performance of the wide 
field of view in a detail at a high-speed responsibility list more about a display device. 
[Background of the Invention] 
[0002] 

A liquid crystal display component is a small lightweight and display device of power consumption 
in the thin shape also in various display devices. For this reason, the liquid crystal display 
component is widely used for OA equipment, such as image display devices, such as television 
and video, a monitor, a word processor (word processor), and a personal computer. 
[0003] 

TN (Twisted Nematic) mode using the former, for example, a nematic liquid crystal, as a liquid 
crystal display method (display mode) of such a liquid crystal display component, a display mode, 
a polymer dispersed liquid crystal display mode using a ferroelectric liquid crystal (FLC) or 
antiferroelectricity liquid crystal (AFLC), etc. are known. 
[0004] 

Also in this, the liquid crystal display component in TN mode is put in practical use, for example. 
However, the liquid crystal display component in this TN mode has a fault, like an angle of 
visibility with a slow response is narrow, and these faults serve as big hindrance, when exceeding 
CRT (cathode ray tube). 
[0005] 

Moreover, although it has the advantage that the liquid crystal display component of the display 
mode using FLC or AFLC has a quick response, there is a big fault in respect of shock-proof 
nature, the temperature characteristic, etc., and by the time it is put in practical use widely, it 
will not have resulted. 
[0006] 

Furthermore, the liquid crystal display component of a polymer dispersed liquid crystal display 
mode uses light scattering, and does not need a polarizing plate, but a daylight display is possible 
for it. However, the liquid crystal display component of this polymer dispersed liquid crystal 
display mode has the technical problem in respect of the response characteristic of image 
display. So, it is hard to say that the liquid crystal display component of a polymer dispersed 
liquid crystal display mode is a liquid crystal display component superior to the liquid crystal 
display component in TN mode. 
[0007] 

With these liquid crystal display component, all, it is in the condition that the liquid crystal 
molecule aligned in the fixed direction, and since how for it to be visible with the include angle to 
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a liquid crystal molecule differs, there is a viewing-angle limit. Moreover, each of these means of 
displaying uses rotation of the liquid crystal molecule by electric-field impression, and since they 
rotates [ with all of ], with a liquid crystal molecule aligned, a response takes time amount to 
them. In addition, in the case of the liquid crystal display component of the display mode using 
FLC or AFLC, in respect of a speed of response or an angle of visibility, it is advantageous, but 
the irreversible orientation destruction by external force poses a problem. 
[0008] 

The liquid crystal display component using the matter in which the matter from which optical 
anisotropy changes with electric-field impression on the other hand to these liquid crystal 
display component using rotation of the molecule by electric-field impression, the orientation 
polarization by the electro-optical effect, or electronic polarization is shown especially is 
proposed. 
[0009] 

Here, the electro-optical effect means the phenomenon in which the refractive index of the 
matter changes with external electric fields. There are effectiveness proportional to primary [ of 
electric field ] and effectiveness proportional to secondary in the electro-optical effect, and it is 
called the Pockels effect and the Kerr effect, respectively. 
[0010] 

Application to a high-speed optical shutter is advanced early, and, as for the matter in which 
especially the Kerr effect is shown, the utilization to a special measuring machine machine is 
made. The Kerr effect will be discovered by J.Kerr (car) in 1 875. Until now, as an ingredient in 
which the Kerr effect is shown, ingredients, such as organic liquids, such as a nitrobenzene and a 
carbon disulfide, are known, and these ingredients are used for high field strength measurement 
of a power cable etc., for example other than the above-mentioned optical shutter. 
[0011] 

Then, having a Kerr constant with a big liquid crystal ingredient is shown, a light modulation 
element, an optical polarizing element, and basic examination further turned to optical- 
integrated-circuit application are performed, and the liquid crystal compound in which the Kerr 
constant exceeding 200 times of the above-mentioned nitrobenzene is shown is also reported. 
[0012] 

The application to the display of the Kerr effect is beginning to be considered in such a situation. 
The refractive index of the matter in which the Kerr effect is shown is proportional to the 2nd 
order of the impressed electric field. The refractive index of the matter in which the Kerr effect 
is shown is proportional to the 2nd order of the impressed electric field. For this reason, when 
the matter in which the Kerr effect is shown is used as orientation polarization, compared with 
the case where the matter in which the Pockels effect is shown is used as orientation 
polarization, a low-battery drive can be expected relatively. Furthermore, in order that the 
matter in which the Kerr effect is shown may essentially show the response characteristic of 
several several microseconds - mm second, the application to a high-speed response display is 
expected. 
[0013] 

The stability of the Kerr effect has been a big technical problem in such a situation in the 
application to the display device of the matter in which the Kerr effect is shown. That is. 
although the Kerr effect is observed in the state of an isotropic phase, it serves as max near the 
liquid crystal phase-isotropic phase phase transition temperature. And decreasing rapidly is 
known and the Kerr effect poses a practically big problem while temperature rises from liquid 
crystal phase-isotropic phase phase transition temperature. So, it has been a technical problem 
to stabilize rapid fluctuation of. the Kerr effect in temperature higher than such liquid crystal 
phase-isotropic phase phase transition temperature. 
[0014] 

As opposed to the technical problem about the stability of such the Kerr effect, by adding 
molecules, such as ethyl alcohol, to the matter in which the Kerr effect is shown, liquid crystal 
phase-isotropic phase phase transition temperature is reduced and the Kerr effect is stabilized 
with the indicating equipment of the patent reference 1 . 



JP-A-2005-316013 



6/38 <<— is 



[Patent reference 1] JP,2001-249363,A (September 14, 2001) 

[Nonpatent literature 1] Shiro Matsumoto, outside trinominal, and "Fine droplets of liquid 
crystals* in a transparent polymer and their response to an electric field" Appl.Phys.Lett., August, 
1996, vol.69. No.8, p.1 044-1 046 

[Nonpatent literature 2] Kazuya Sarto and outside — one person, "the thermodynamics of the 
new thermotropic liquid crystal which is isotropy optically", liquid crystal, 2001, the 5th volume, 
and the 1st — No. .p.20-27 

[Nonpatent literature 3] The Yamamoto **, "a liquid crystal micro emulsion", liquid crystal, 2000, 
the 4th volume, No. 3, p.248-254 

[Nonpatent* literature 4] D. The volume Demus and on outside trinominal, "Handbook of Liquid 
Crystals Low Molecular Weight Liquid Crystal", Wiley-VCH, 1998, vol.2B, p.887-900 
[Nonpatent literature 5] The 1st time of Yamamoto **, "liquid-crystal science experiment 
lecture: Identification:^) lyotropic-liquid-crystal" which is a liquid crystal phase, liquid crystal, 
2002, the 6th volume, No. 1 , p.72-83 

[Nonpatent literature 6] Eric Grelet, outside trinominal, "Structural Investigations on Smectic 
Blue Phases", PHYSICAL REVIEW LETTERS, The American Physical Society, April 23, 2001, 
vol.86, No.17. p3791-3794 

[Nonpatent literature 7] Yonetani **, "a nano structure liquid crystal phase being explored by 
the molecular simulation", liquid crystal, 2003, the 7th volume, No. 3, p.238-245 
[Nonpatent literature 8] the Yamamoto **** and outside — one person, "an organic opto 
electronics material". National Technical Report, December, 1 976, and vol. — 22, No.6, and 
p.826-834 

[Nonpatent literature 9] Takashi Kato and an outside binary name, "Fast and High-Contrast 
Electro-optical Switching of Liquid-Crystalline Physical Gels : Formation of Oriented 
Microphase-Separated Structures", Adv.FuncLMater., April, 2003, vol.1 3.No.4, p313-317 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0015] 

It is effective in reducing liquid crystal phase-isotropic phase phase transition temperature in the 
display of the patent reference 1 . However, on the other hand, the display of the patent 
reference 1 has the problem of causing the rise of driver voltage. 
[0016] 

That is, in the indicating equipment of the patent reference 1, it becomes possible by adding 
ethyl alcohol to a medium to reduce liquid crystal phase-isotropic phase phase transition 
temperature. However, the fall of a Kerr constant is also caused with the fall of this liquid crystal 
phase-isotropic phase phase transition temperature. And it has the problem that the electrical 
potential difference which drives a display will increase by the fall of this Kerr constant. 
[0017] 

It is in offering the display device which the purpose reduces liquid crystal phase-isotropic phase 
phase transition temperature, and stabilizes the Kerr effect by making this invention in view of 
the above-mentioned conventional trouble, and can reduce driver voltage. 
[Means for Solving the Problem] 
[0018] 

In order that the display device of this invention may solve the above-mentioned technical 
problem, the substrate of a pair at least with transparent one side, It is the display device 
equipped with the medium from which it **** between the substrates of the pair concerned, and 
optical anisotropy changes with impression of electric field. The above-mentioned medium It is 
characterized by having the optical isotropy at temperature lower than the isotropic phase-liquid 
crystal phase phase transition temperature of each above-mentioned liquid crystallinity matter, 
including the non-liquid crystallinity matter and at least two kinds of liquid crystallinity matter 
with which isotropic phase-liquid crystal phase phase transition temperature differs mutually. 
[0019] 

According to the above-mentioned configuration, the non-liquid crystal matter and at least two 
kinds of liquid crystallinity matter with which isotropic phase-liquid crystal phase phase 
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transition temperature differs mutually are contained in the above-mentioned medium. Since the 
above-mentioned liquid crystallinity matter has the optical isotropy at temperature lower than 
the isotropic phase-liquid crystal phase phase transition temperature of each above-mentioned 
liquid crystallinity matter, isotropic phase-liquid crystal phase phase transition becomes 
broadcloth, the effect by electric field decreases, and driver voltage required for electric-field 
impression immediately after isotropic phase-liquid crystal phase phase transition does not 
change a lot. 
[0020] 

Moreover, the non-liquid crystallinity matter is inferior to compatibility in mixing to the above- 
mentioned liquid crystallinity matter. And since the above-mentioned non-liquid crystallinity 
matter can weaken the mutual restraint between the components of the liquid crystallinity 
matter, orientation change of the liquid crystallinity matter becomes easy, and it can reduce 
more driver voltage required for electric-field impression. 
[0021] 

As mentioned above, according to the above-mentioned configuration, the display device which 
liquid crystal phase-isotropic phase phase transition temperature is reduced, and stabilizes the 
Kerr effect, and can reduce driver voltage is realizable. 
[0022] 

Moreover, as for the above-mentioned medium, in the display device of this invention, it is still 

more desirable that a chiral agent is included. 

[0023] 

A chiral agent can be mutually twisted with the molecule which adjoins in the liquid crystallinity 
matter, and takes structure. And the energy of the interaction between the molecules in the 
liquid crystallinity matter becomes low. the liquid crystallinity matter can be twisted 
spontaneously, and takes structure, and structure stabilizes it. So, near the isotropic phase- 
liquid crystal phase phase transition temperature of the liquid crystallinity matter, a rapid 
structural change does not take place but the above-mentioned medium does the effectiveness 
of the ability to make different isotropic phase-liquid crystal phase phase transition temperature 
approximate in the above-mentioned liquid crystallinity matter. 
[0024] 

In order that the display device of this invention may solve the above-mentioned technical 
problem, it is the display device equipped with the medium from which at least one side is **** 
(ed) by the substrate of a transparent pair, and the substrate of the pair concerned, and optical 
anisotropy changes with electric^field impression, and the above-mentioned medium is 
characterized by including at least two kinds of liquid crystallinity matter with which isotropic 
phase-liquid crystal phase phase transition temperature differs mutually, the non-liquid 
crystallinity matter, and a chiral agent. 
[0025] 

Moreover, as for the above-mentioned non-liquid crystallinity matter, in the display device of 

this invention, it is desirable that it is the nohpolar matter. 

[0026] 

According to the above-mentioned configuration, in the molecular assembly in the above- 
mentioned medium, since the non-polar matter tends [ comparatively ] to be influenced of a 
dipole interaction etc., orientation change becomes easy to take place and it can suppress the 
rise of driver voltage required for an optical modulation. 
[0027] 

As mentioned above, according to the above-mentioned configuration, the display device which 
liquid crystal phase-isotropic phase phase transition temperature is reduced, and stabilizes the 
Kerr effect, and can reduce driver voltage is realizable. 
[0028] 

Moreover, the thing which was done for opposite arrangement and which are equipped with the 
Kushigata electrode of a pair at least is desirable in the direction in which the above-mentioned 
electric-field impression means is formed in the medium side in the substrate of the above- 
mentioned pair at the display device of this invention, and a ctenidium part gears mutually. 
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[0029] 

According to the above-mentioned configuration, the above-mentioned electric-field impression 
means are at least one pair of Kushigata electrodes, and opposite arrangement is carried out in 
the direction in which it is prepared in the medium side in the substrate of the above-mentioned 
pair, and a ctenidium part gears mutually, electric field according to the Kushigata electrode by 
being arranged so that the ctenidium part in the above-mentioned Kushigata electrode may gear 
mutually — a substrate — abbreviation — it becomes parallel electric field, so — according to 
the above-mentioned configuration — the Kushigata electrode — a substrate — abbreviation — 
since parallel electric field are impressed to a medium, the display device by which driver voltage 
was reduced is realizable. In addition, as for the above "the Kushigata electrode", two or more 
electrodes (ctenidium part) say the thing of the electrode elongated from one electrode (a part 
for a comb root) in the predetermined direction to the longitudinal direction. 
[0030] 

Moreover, it is desirable that the above-mentioned ctenidium part has a wedge-action-die 

configuration in the display device of this invention. 

[0031] 

The above "a wedge configuration" means the configuration where the ctenidium part bent at an 
angle of predetermined. Since according to the above-mentioned configuration opposite 
arrangement of the ctenidium part of the wedge-action-die configuration in such a Kushigata 
electrode is carried out so that it may gear mutually, as for the electric field generated with this 
Kushigata electrode, the electric-field impression direction turns into a 2-way at least. 
[0032] 

So, according to the above-mentioned configuration, the medium domain where the directions of 
the optical anisotropy of the above-mentioned medium differ exists because the electric-field 
impression direction recognizes 2-way existence at least. For this reason, the effectiveness that 
an angle-of-visibility property improves in the above-mentioned display device is done so. 
[0033] 

Moreover, it is desirable that the include angle which the bending part of the above-mentioned 
wedge-action-die configuration makes in the display device of this invention is 90 degrees 
[ **20 ]. 
[0034] 

"The include angle which the bending part of a serration configuration makes" means the include 
angle at which the ctenidium part bent. So. since the include angle which the bending part of the 
above-mentioned wedge-action-die configuration makes is 90 degrees [ **20 ], i.e., 70 - 110 
degrees, according to the above-mentioned configuration, the medium (include angle of **20 
degrees is made 90 degrees) domain where the direction of the optical anisotropy of a medium 
intersects perpendicularly mostly mutually exists. So, it becomes possible to compensate 
mutually the phenomenon with a color of the slanting viewing angle in each medium domain, and 
to suit. Therefore, the display device which can raise an angle-of-visibility property more can be 
realized, without spoiling permeability. 
[0035] 

Moreover, it is desirable that the orientation film is formed in one [ at least ] substrate among 
the substrates of the above-mentioned pair in the display device of this invention. Moreover, it is 
still more desirable that the above-mentioned orientation film is an organic thin film, and 
especially the thing consisted of polyimide is desirable. 
[0036] 

According to the above-mentioned configuration, it can specify towards a request of the 
direction of orientation of a medium in near an interface with the above-mentioned orientation 
film of the above-mentioned medium certainly. According to the above-mentioned configuration, 
the orientation of the molecule which constitutes the above-mentioned medium can be made to 
carry out towards desired certainly in the condition of having made the above-mentioned 
medium discovering a liquid crystal phase. In addition, it is desirable that level orientation 
processing is especially performed to at least one side of the above-mentioned orientation film. 
[0037] 
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Moreover, the above-mentioned liquid crystallinity matter may show the optical isotropy at the 
time of no electric-field impressing, may show optical anisotropy by impression of an electrical 
potential difference, may show optical anisotropy at the time of no electric-field impressing, and 
may show the optical isotropy by impression of an electrical potential difference. 
[0038] 

the above — also in which configuration, the configuration of the index ellipsoid of the above- 
mentioned liquid crystallinity matter can be changed in the time of no electric-field impressing 
and electric-field impression by impression of electric field. So, the direction of optical 
anisotropy can be displayed by changing extent of optical anisotropy (whenever [ orientation 
order ], refractive index), while it has been fixed. Therefore, also in which the above-mentioned 
configuration, the effectiveness that the display device which has a wide-field-of-view angle 
property and high-speed responsibility is realizable is done so. 
[0039] 

Moreover, the above-mentioned liquid crystallinity matter may have the orientation order below 

the wavelength of light at the time of no electrical-potential-difference impressing. 

[0040] 

If orientation order is below the wavelength of light, isotropy is shown optically. So, the 
effectiveness that the display condition at the time of no electrical-potential-difference 
impressing can certainly be changed is done by using the liquid crystallinity matter with which 
orientation order is no electrical-potential-difference impressing below the wavelength of light. 
[0041] 

Moreover, the above-mentioned liquid crystallinity matter may have the order structure which 
• shows cubic symmetric property. 
[0042] 

Moreover, the above-mentioned liquid crystallinity matter may consist of a molecule in which a 

cubic phase or a smectic D phase is shown. 

[0043] 

Moreover, the above-mentioned liquid crystallinity matter may consist of a liquid crystal micro 

emulsion. 

[0044] 

Moreover, the above-mentioned liquid crystallinity matter may consist of a lyotropic liquid 
crystal in which a micell phase, an inverted micelle phase, a sponge phase, or a cubic phase is 
shown. 
[0045] 

Moreover, the above-mentioned liquid crystallinity matter may consist of a liquid crystal particle 
dispersed system which shows a micell phase, an inverted micelle phase, a sponge phase, or a 
cubic phase. 
[0046] 

Moreover, the above-mentioned liquid crystallinity matter may consist of DIN DO RIM A. 
[0047] 

Moreover, the above-mentioned liquid crystallinity matter may consist of a molecule in which a 

cholesteric blue phase is shown. 

[0048] 

Moreover, the above-mentioned liquid crystallinity matter may consist of a molecule in which a 

smectic blue phase is shown. 

[0049] 

When each above-mentioned matter impresses electric field, optical anisotropy changes. 
Therefore, each above-mentioned matter can be used as the above-mentioned liquid crystallinity 
matter. 

[Effect of the Invention] 
[0050] 

By the display device of this invention, a medium has the optical isotropy as mentioned above at 
temperature lower than the isotropic phase-liquid crystal phase phase transition temperature of 
each above-mentioned liquid crystallinity matter, including the non-liquid crystallinity matter and 
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at least two kinds of liquid crystallinity matter with which isotropic phase-liquid crystal phase 
phase transition temperature differs mutually. Since the above-mentioned liquid crystallinity 
matter has the optical isotropy at temperature lower than the isotropic phase-liquid crystal 
phase phase transition temperature of each above-mentioned liquid crystallinity matter, isotropic 
phase-liquid crystal phase phase transition becomes broadcloth, the effect by electric field 
decreases, and driver voltage required for electric-field impression immediately after isotropic 
phase-liquid crystal phase phase transition does not change a lot. Moreover, in mixing with the 
above-mentioned liquid crystallinity matter, since compatibility is slightly inferior, the non-polar 
matter weakens mutual restraint of the component of the liquid crystallinity matter in packing 
within the above-mentioned medium. Therefore, orientation change of a liquid crystallinity matter 
molecule becomes easier to take place, and the effectiveness that driver voltage falls is done so. 
So, the display device which this invention reduces liquid crystal phase-isotropic phase phase 
transition temperature, and stabilizes the Kerr effect, and can reduce driver voltage is realizable. 
[Best Mode of Carrying Out the Invention] 
[0051] 

It will be as follows if one gestalt of operation of this invention is explained based on drawing 1 - 

drawing 1 1 . 

[0052] 

Drawing 1 (a) is the sectional view showing typically the outline configuration of the important 
section of the display device concerning the gestalt of this operation in electrical-potential- 
difference the condition of not impressing (OFF condition), and drawing 1 (b) is the sectional 
view showing typically the outline configuration of the important section of the display device 
concerning the gestalt of this operation in an electrical-potential-difference impression condition 
(ON condition). 
[0053] 

Drawing 1 (a) As shown in - (b), the display device of the gestalt of this operation It has the 
substrate (it is hereafter described as the pixel substrate 1 1 and the opposite substrate 12) of a 
pair at least with transparent one side which countered mutually and has been arranged. 
Between the substrates of these pairs as an optical modulation layer It has the configuration by 
which the medium layer 3 which consists of a medium (it is hereafter described as Medium A) 
which carries out an optical modulation by impression of electric field is pinched. Moreover, with 
the mutual opposed face of the outside 1 1 of the substrate of the above-mentioned pair, i.e., the 
above-mentioned pixel substrate, and the opposite substrate 12, it has the configuration in which 
the polarizing plate 6-7 is formed in the field of the opposite side, respectively. 
[0054] 

The above-mentioned pixel substrate 1 1 and the opposite substrate 1 2 are equipped with a 
substrate 1 and 2 with a transparent glass substrate etc., respectively, as shown in drawing 1 (a) 
- (b). moreover, it is shown in an opposed face with the above-mentioned substrate 2 of the 
substrate 1 in the above-mentioned pixel substrate 11, i.e., an opposed face with the above- 
mentioned opposite substrate 12, at drawing 1 (b) — as — the above-mentioned substrate 1 — 
abbreviation — opposite arrangement of the electrode 4 which is an electric-field impression 
. means for impressing parallel electric field (sideways electric field) to the above-mentioned 
medium layer 3, and 5 is carried out mutually. 
[0055] 

The above-mentioned electrode 4-5 consists of transparent electrode ingredients, such as ITO 
(indium stannic acid ghost), and is set, for example as the line breadth of 5 micrometers, and the 
inter-electrode distance (electrode spacing) of 5 micrometers with the gestalt of this operation. 
However, the above-mentioned line breadth and inter-electrode distance are mere examples, 
and are not limited to this, although it is not what is limited especially as an example of an 
electrode 4-5 if it is possible to carry out the optical modulation of the medium A of the medium 
layer 3 while impressing the above-mentioned medium layer 3 — the above-mentioned substrate 
1 — abbreviation — the electrode which impresses parallel electric field (sideways electric field) 
to the above-mentioned medium layer 3 is mentioned. 
[0056] 
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Hereafter, drawing 2 is made reference and an example of the electrode structure of an 
electrode 4-5 is explained. Drawing 2 is drawing explaining the relation of the structure of an 
electrode 4-5 and the polarizing plate absorption shaft in the display device of operation of this 
invention. 
[0057] 

An electrode 4-5 is the Kushigata electrode by which opposite arrangement was carried out in 
the direction which gears mutually [ ctenidium partial 4a and 5a have a wedge-action-die 
configuration, and ]. A "wedge configuration" means the configuration where ctenidium partial 4a 
and 5a bent at an angle of predetermined (serration include angle alpha), moreover, ctenidium 
partial 4a and 5a are shown in drawing 2 — as — wedge-action-die configuration plurality — an 
owner — a configuration is sufficient the bottom. Thus, a serration configuration is mentioned as 
an example of a configuration which has two or more wedge-action-die configurations. 
[0058] 

As for the "Kushigata electrode" here, two or more electrode (ctenidium part) 4a says the thing 
of the electrode elongated from one electrode (part for comb root) 4b in the predetermined 
direction to the longitudinal direction. Moreover, the thing of the configuration elongated while 
the ctenidium part bent by turns at the serration include angle alpha in the direction which keeps 
away to the longitudinal direction of comb root part 4b, as it was indicated in drawing 2 as a 
"serration configuration" is said. 
[0059] 

As shown in drawing 2 , an electrode 4 consists of comb root part 4b and ctenidium partial 4a. 
Ctenidium partial 4a is elongated bending by turns in the direction which keeps away to the 
longitudinal direction of comb root part 4b. Moreover, ctenidium partial 4a has composition which 
serration unit 4e which serration component 4c and 4d of serration components constitute 
elongated continuously. This serration unit 4e is the configuration which bent so that serration 
component 4c and 4d of serration components might make the include angle of the serration 
include angle alpha. And in ctenidium partial 4a of an electrode 4, it has composition elongated 
while bending by turns at equal intervals in the direction which keeps away to the longitudinal 
direction of comb root part 4b. 
[0060] 

Moreover, it has composition in which serration unit 5e which serration component 5c and 5d of 
serration components constitute elongated ctenidium partial 5a in an electrode 5 as well as 
ctenidium partial 4a in an electrode 4 continuously, and is the configuration that serration 
component 5c and 5d of serration components in serration unit 5e bent so that the include angle 
of the serration include angle alpha might be made. 
[0061] 

Moreover, as shown in drawing 2 , opposite arrangement of an electrode 4 and the electrode 5 is 
carried out so that ctenidium partial 5a may gear with each ctenidium partial 4a. That is, opposite 
arrangement of an electrode 4 and the electrode 5 is carried out so that serration component 4c 
and 4d of serration components in ctenidium partial 4a may become parallel to serration 
component 5c and 5d of serration components in ctenidium partial 5a respectively. So, if an 
electrical potential difference is impressed to an electrode 4-5, two electric fields from which 
the electric-field impression direction differs mutually will be formed. That is, the electric field 
between serration component 4c and serration component 5c (electric-field impression direction 
45c of drawing 2 ) and the electric field between 4d of serration components and 5d of serration 
components (the 45d of the electric-field impression directions of drawing 2 ) are formed. 
[0062] 

Moreover, the above-mentioned serration unit 4e and serration unit 5e can be said to be having 
the character type configuration of from the configuration. So, the above "a serration 
configuration" can say the character component of "**" which corresponds per serration with it 
being the configuration elongated in the direction which keeps away to the longitudinal direction 
for a comb root Moreover, "a ctenidium part is a serration configuration" can say a ctenidium 
part with it being the configuration of a zigzag line of having the character type configuration of 
"** " 
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[0063] 

Moreover, the above-mentioned serration unit 4e and serration unit 5e can be said to be having 
the configuration of the character of "v" from the configuration. So, the above "a serration 
configuration" can say the character component of "v" which corresponds per serration with it 
being the configuration elongated in the direction which keeps away to the longitudinal direction 
for a comb root. Moreover, "a ctenidium part is a serration configuration" can say a ctenidium 
part with it being the configuration of a zigzag line of having the character type configuration of 

v. 
[0064] 

Moreover, as shown in drawing 2 , electric-field impression direction 45c "and the 45d of the 
electric-field impression directions are mutually perpendicular. For this reason, the medium 
(include angle of 90 degrees is made) domain where the direction of the optical anisotropy of 
Medium A intersects perpendicularly mutually exists, and it becomes possible in a display device 
to compensate mutually the phenomenon with a color of the slanting viewing angle in each 
medium domain, and to suit. 
[0065] 

Moreover, with the gestalt of this operation, as shown in drawing 12 , polarizing plate absorption 
shaft 6a and 7a in each polarizing plate 6-7 are making the "include angle of 45 degrees to 
electric-field impression direction 45 c.45d of the above-mentioned 2-way formed with an 
electrode 4-5 while the polarizing plate 6-7 prepared in both the substrates 1-2, respectively is 
arranged so that polarizing plate absorption shaft orientations may intersect perpendicularly 
mutually. 
[0066] 

Thus, the electrode 4-5 prepared in the substrate 1 is formed so that the electric-field 
impression direction may turn into a 2-way at least. The medium domain where the directions of 
the optical anisotropy of Medium A differ exists in the medium layer 3 because the electric-field 
impression direction recognizes 2-way existence at least. For this reason, the effectiveness that 
an angle-of-visibility property improves in the above-mentioned display device is done so. 
moreover, the above — when the electrode 4-5 is formed so that the electric-field impression 
direction of a 2-way may become perpendicular mutually even if few, the medium (include angle 
of 90 degrees is made) domain where the direction of the optical anisotropy of Medium A 
intersects perpendicularly mutually exists. For this reason, in a display device, it becomes 
possible to compensate mutually the phenomenon with a color of the slanting viewing angle in 
each medium domain, and to suit. Therefore, the display device which can raise an angle-of- 
visibility property more can be realized, without spoiling permeability. Moreover, when being 
arranged so that the direction of the optical anisotropy of Medium A may intersect 
perpendicularly mutually and the include angle whose include angle with polarizing plate 
absorption shaft 6a and 7a of the above-mentioned polarizing plate 6-7 is 45 degrees may be 
made, the compensating ratio of the coloring phenomenon of a slanting viewing angle can realize 
the display device which raises increase and an angle-of-visibility property further. 
[0067] 

Moreover, in the display device of the gestalt of this operation, as shown in drawing 1 (b), when 
whenever [ orientation order ] goes up in the electric-field impression direction, optical 
anisotropy is discovered, and the medium layer 3 may function as a display device of the shutter 
mold from which permeability changes. Therefore, to the polarizing plate absorption shaft 
orientations which intersect perpendicularly mutually, the direction of an anisotropy gives the 
maximum permeability, when making the include angle of 45 degrees. In addition, bearing which 
the optical anisotropy of each medium domain of Medium A discovers estimates the permeability 
(P) when presupposing that it exists in the include angle of **theta (degree), respectively to be a 
polarizing plate absorption shaft from P(%) =Sin2 (2theta). So, if it is 100%, then about 90% or 
more about permeability in case Above theta is 45 degrees, since it will be sensed to human 
being's eyes that it has the maximum brightness, if Above theta is 35 < theta< 55 degrees, it will 
be sensed to have the maximum brightness to human beings eyes. That is, as shown in the 
gestalt of this operation, electric field are that polarizing plate absorption shaft orientations and 
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the orientation processing direction (the direction of rubbing) in level orientation processing if it 
puts in another way make the include angle of 45 degrees most suitably less than **5 times 45 
degrees less than **10 degrees 45 degrees to the electric-field impression direction by the 
electrode 4-5 by the display device impressed to abbreviation parallel to a substrate 1, and it 
becomes possible to maximize permeability. Moreover, if Above theta is 35 < theta< 55 degrees, 
to compensation of an above-mentioned coloring phenomenon, the difference whose brightness 
in the field of a mutual medium domain is about 10% will arise, and it will be sensed to human 
being's eyes that it has the maximum brightness, namely, as shown in the gestalt of this 
operation, electric field in the display device impressed to a substrate 1 at abbreviation parallel 
each — faith the direction of the optical anisotropy generated by electric-field impression of 
electric-field impression direction 45 c.45d The include angle which absorption shaft 6a and 7a 
of the above-mentioned polarizing plate 6-7 make is about 45 degrees (within the limits of less 
than **10 degrees 45 degrees), respectively. It is 45 degrees most suitably 45 within the limits of 
**5 times, each — it is desirable for the direction of the optical anisotropy generated by 
electric-field impression of electric-field impression direction 45 c.45d to make the include angle 
of about 90 degrees (90 within the limits of less than **20 degrees, suitably 90 within the limits 
of **10 degrees, most suitably 90 degrees) mutually. 
[0068] 

The above-mentioned display device is formed by enclosing said medium A with lamination and 
its opening through spacers which are not illustrated, such as a plastics bead and a glass fiber 
spacer, if needed by the sealing compound which does not illustrate the substrate 1 with which 
the above-mentioned Kushigata electrode 4-5 was formed, and a substrate 2 for example. 
[0069] 

It is characterized by the medium A in the display device of the gestalt of this operation coming 
to contain the liquid crystallinity matter, a chiral agent, and the non-liquid crystallinity matter. 
[0070] 

The above-mentioned liquid crystallinity matter used for the gestalt of this operation is a 
medium from which optical anisotropy changes by impressing electric field. Although electric 
displacement D(j=epsilon \}-Ej will be produced if electric field Ej are added from the exterior into 
the matter, a slight change is then looked at by the dielectric constant (epsilonjj). On the 
frequency of light, since the square of a refractive index (n) is equivalent to a dielectric constant, 
the above-mentioned liquid crystallinity matter can also be said to be the matter from which a 
refractive index changes by impression of electric field. 
[0071] 

Thus, unlike the liquid crystal display component for which, as for the display device of the 
gestalt of this operation, the refractive index of the matter displays using the phenomenon 
(electro-optical effect) of changing with external electric fields, and the- molecule (the direction 
of orientation of a molecule) used rotating together by electric-field impression, the direction of 
optical anisotropy hardly changes, but displays by change (mainly electronic polarization and 
orientation polarization) of extent of the optical anisotropy. 
[0072] 

as the above-mentioned liquid crystallinity matter, you may be matter which is the methods of 
** (macroscopic — seeing — etc. — what is necessary is just a direction) optically, and optical 
anisotropy discovers by electric-field impression at the time of no electric-field impressing, such 
as matter in which the Pockels effect or the Kerr effect is shown, and may be the matter in 
which it has optical anisotropy at the time of no electric-field impressing, an anisotropy 
disappears by electric-field impression, and isotropy (macroscopic — seeing — etc. — what is 
necessary is just a direction) is shown optically, typical — the time of no electric-field 
impressing — optical — etc. — it is a direction (macroscopic — seeing — etc. — what is 
necessary is just a direction), and is the medium which discovers an optical modulation (it is 
desirable for a birefringence to go up especially by electric-field impression) by electric-field 
impression. 
[0073] 

In the state of no electrical-potential-difference impressing, in the state of electrical-potential- 
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difference impression, the Pockels effect and the Kerr effect (in itself, observed in the state of 
an isotropic phase) are the electro-optical effects proportional to secondary [ of electric field / 
primary or secondary ], and since it is an isotropic phase, it is optically isotropic, but when a 
birefringence is discovered, they can modulate [ in the field to which electric field are impressed, 
the direction of a major axis of the molecule of a compound can carry out orientation of them in 
the direction of electric field, and ] permeability, respectively. For example, since each molecule 
arranged at random by in the case of the means of displaying using the matter in which the Kerr 
effect is shown impressing electric field and controlling the spin polarization of electron in one 
intramolecular rotates separately respectively and the sense is changed, a speed of response is 
very quick, and since the molecule has arranged~disorderly, there is an advantage that there is 
no viewing-angle limit. In addition, what sees roughly among the above-mentioned liquid 
crystallinity matter, and is proportional to secondary [ of electric field / primary or secondary ] 
can be treated as matter in which the Pockels effect or the Kerr effect is shown. 
[0074] 

As matter in which the Pockels effect is shown, although organic solid materials, such as a 
hexamine, etc. are mentioned, it is not limited especially, for example. As the above-mentioned 
liquid crystallinity matter, the various organic materials and inorganic material in which the 
Pockels effect is shown can be used. 
[0075] 

Moreover, although the liquid crystallinity matter shown by following structure-expression (1) - 
(7) is mentioned as matter in which the Kerr effect is shown, it is not limited especially. 
[0076] 
[Formula 1] 
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C3H7O 




(1 ) 



C 5 HnO 




(2) 



C 7 H 15 0 




(3) 



C5H11 
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(4) 



C3H7 




(5) 



C5H11 




(6) 



C 7 Hi5-< H 




a • • 



(7) 



[0077] 

The liquid crystallinity matter in which the liquid crystallinity matter shown with a structure 
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expression (1) is shown with 3O0B (4-cyano-4'-n-propyloxy biphenyl) and a structure 
expression (2) The liquid crystallinity matter shown with 50CBs (4-cyano-4'-n-pentyloxy 
biphenyl) and a structure expression (3) The liquid crystallinity matter shown with 70CBs (4- 
cyano-4 -n-heptyloxy biphenyl) and a structure expression (4) The liquid crystallinity matter 
shown with 5CB(s) (4-cyano-4 ? -n-pentyl biphenyl) and a structure expression (5) The liquid 
crystallinity matter shown with 3HPFF(s) (1 f 2-difluoro-4-[transforrner^4-(transformer-4-n- 
propyl cyclohexyl) cyclohexyl] benzene) and a structure expression (6) The liquid crystallinity 
matter shown with 5HPFF(s) (1, 2-difluoro-4-[transformei^4-(transformer-4-n-pentyl 
cyclohexyl) cyclohexyl] benzene) and a structure expression (7) They are 7HPFF(s) (1, 2- 
difluoro-4-[transformef fc -4-(transformer-4-n-heptylcyclohexyl) cyclohexyl] benzene). 
[0078] 

The Kerr effect is observed in a transparent medium to incident light For this reason, the matter 
in which the Kerr effect is shown is used as a transparent medium. Usually, the liquid crystallinity 
matter shifts to the isotropic phase which has random orientation with a molecular level from a 
liquid crystal phase with short-distance order in connection with a temperature rise. That is, the 
Kerr effect of the liquid crystallinity matter is a phenomenon looked at by the liquid of the 
isotropic phase condition beyond liquid crystal phase [ not a nematic phase but ]-isotropic phase 
temperature, and the above-mentioned liquid crystallinity matter is used as a transparent 
dielectric liquid. 
[0079] 

Dielectric liquids, such as liquid crystallinity matter, will be in an isotropic phase condition, so 
that the operating environment temperature (whenever [ stoving temperature ]) by heating is 
high, therefore, in using dielectric liquids, such as liquid crystallinity matter, as the above- 
mentioned medium In order to use this dielectric liquid in the state of a transparent liquid to 
transparence, i.e., the light For example, heating means, such as a heater which is not illustrated, 
are formed around (1) medium layer 3. May heat the above-mentioned dielectric liquid with this 
heating means beyond the clearing point, may use, and (2) By the thermal radiation from a back 
light, heat conduction (the above-mentioned back light and a circumference drive circuit function 
as a heating means in this case) from a back light and/or a circumference drive circuit, etc., the 
above-mentioned dielectric liquid may be heated beyond that clearing point, and may be used. 
Moreover, a sheet-like heater (heating means) may be pasted together as a heater to at least 
the (3) above-mentioned substrate 1 and one side of 2, and you may heat and use for 
predetermined temperature at them. Furthermore, in order to use the above-mentioned 
dielectric liquid in the state of transparence, the clearing point may use an ingredient lower than 
the operating-temperature-limits minimum of the above-mentioned display device. 
[0080] 

As for the above-mentioned liquid crystallinity matter, it is desirable to include the liquid 
crystallinity matter, and when using the liquid crystallinity matter as the above-mentioned liquid 
crystallinity matter, although it is the transparent liquid in which an isotropic phase is shown, it is 
macroscopically desirable [ this liquid crystallinity matter ] to include the cluster which is the 
molecule ensemble who has the short-distance order microscopically arranged in the fixed 
direction. In addition, since the above-mentioned liquid crystallinity matter is used in the 
transparent condition to the light, the above-mentioned cluster is also used in the transparent 
(directions [ target / optical ]) condition to the light 
[0081] 

For this reason, the above-mentioned display device as are mentioned above, and temperature 
control may be performed using heating means, such as a heater, and it is indicated by the 
patent reference 2 The medium layer 3 may be divided and used for a subsegment using 
polymeric materials etc. The diameter of the above-mentioned liquid crystallinity matter being 
referred to as 0.1 micrometers or less etc. for example, the above-mentioned liquid crystallinity 
matter It may consider as the minute drop let which has a path smaller than the wavelength of 
light, and you may carry out by controlling dispersion of light using the liquid crystallinity 
compound in which it considers as a transparence condition or a transparent isotropic phase is 
shown at operating environment temperature (room temperature) etc. Dispersion of the diameter 
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of the above-mentioned liquid crystallinity matter and light when the path (mqjor axis) of a 
cluster is still smaller than 0.1 micrometers or less, i.e., the wavelength of light (incident light 
wavelength) can be disregarded. For this reason, if the path of the above-mentioned cluster is 
0.1 micrometers or less, for example, the above-mentioned cluster is also transparent to the 
light. 
[0082] 

In addition, the above-mentioned liquid crystallinity matter is not limited to the matter to which it 
is indicated that the Pockels effect or the Kerr effect mentioned above. For this reason, the 
above-mentioned liquid crystallinity matter may have the order structure where the array of a 
motecule has the cubic symmetry of the scale below the wavelength of light (for example, nano- 
scale), and you may have the cubic phase (nonpatent literature 2 and 4, 7 reference) which looks 
isotropic optically. A cubic phase is the following structure expression (8), for example as liquid 
crystallinity matter in which it is one of the liquid crystal phases of the liquid crystallinity matter 
which can be used as the above-mentioned liquid crystallinity matter, and a cubic phase is 
shown. 
[0083] 
[Formula 2] 




(8) 



[0084] 

It comes out and the BABH8 grade shown is mentioned. If electric field are impressed to such 
liquid crystallinity matter, distortion will be given to the fine structure and it will become possible 
to carry out induction of the optical modulation. 
[0085] 

BABH8 shows the cubic phase which consists of order structure of having the cubic symmetry 
of the scale below the wavelength of light in a temperature requirement (136.7 degrees C or 
more and 161 degrees C or less). This BABH8 has the order structure below the wavelength of 
light, and a good black display can be performed to the bottom of a crossed Nicol in the above- 
mentioned temperature requirement by the optical isotropy being shown at the time of no 
electrical-potential-difference impressing. 
[0086] 

If an electrical potential difference is impressed between electrodes 4-5 (Kushigata electrode) 
on the other hand, controlling the temperature of the above BABH8 using the heating means 
described above, for example at 136.7 degrees C or more and 161 degrees C or less, distortion 
will arise in the structure (order structure) of having cubic symmetric property. That is, in the 
above-mentioned temperature requirement, the above BABH8 is isotropic in the state of no 
electrical-potential-difference impressing, and an anisotropy discovers it by electrical-potential- 
difference impression. 
[0087] 

Thereby, since a birefringence occurs in the above-mentioned medium layer 3, the above- 
mentioned display device can perform a good white display. In addition, the direction which a 
birefringence generates is fixed and the magnitude changes with electrical-potential-difference 
impression, moreover, the electrical-potential-difference permeability curve which shows the 
relation of the electrical potential difference and permeability which are impressed between 
electrodes 4-5 (Kushigata electrode) — a temperature requirement (136.7 degrees C or more 
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and 161 degrees C or less), about 20 [ i.e., ], — it becomes the curve stabilized in the large 
temperature requirement K. For this reason, when the above BABH8 is used as the above- 
mentioned liquid crystallinity matter, temperature control can be performed very easily. That is, 
since the medium layer 3 which consists of the above BABH8 is a stable phase thermally, rapid 
temperature dependence is not discovered and it is very easy temperature control. 
[0088] 

Moreover, filled up with the aggregate in which the liquid crystal molecule carried out orientation 
to the radial in the size below the wavelength of light as the above-mentioned liquid crystallinity 
matter, also realizing a system which looks isotropic optically — possible — liquid crystal and a 
particle dispersed system given in a liquid cfrystal micro emulsion and nonpatent literature 5 
given [ as the technique ] in nonpatent literature 3 (the mixed stock which made the particle 
intermingled in a solvent (liquid crystal) ~) It is also possible to apply hereafter the technique 
only described as a liquid crystal particle dispersed system. If electric field are impressed to 
these, it is possible for distortion to be given to the aggregate of radial orientation and to carry 
out induction of the optical modulation. 
[0089] 

In addition, each these liquid crystallinity matter may show liquid crystallinity alone, by mixing 
two or more matter, liquid crystallinity may be shown and other non-liquid crystallinity matter 
may be mixed in these matter. Furthermore, the matter of the macromolecule and a liquid crystal 
dispersed system which is indicated by nonpatent literature 1 is also applicable. Moreover, a 
gelling agent which is indicated by nonpatent literature 9 may be added. 
[0090] 

Moreover, as the above-mentioned liquid crystallinity matter, it is desirable to contain a polar 
molecule, for example, a nitrobenzene etc. is suitable as liquid crystallinity matter. In addition, a 
nitrobenzene is also a kind of the medium in which the Kerr effect is shown. 
[0091] 

Although an example of the gestalt of the matter which can be used for below as the above- 
mentioned liquid crystallinity matter, or this matter is shown, this invention is not limited only to 
the following instantiation. 
[0092] 

[Smectic D phase (SmD)] 

As a smectic D phase (SmD) is one of the liquid crystal phases of the liquid crystallinity matter 
which can be used as the above-mentioned liquid crystallinity matter and shown in drawing 6 and 
drawing 7 , it has three dimensional grating structure and the lattice constant is below the 
wavelength of light. That is, a smectic D phase has cubic symmetric property. For this reason, a 
smectic D phase shows isotropy optically. 
[0093] 

As liquid crystallinity matter in which a smectic D phase is shown, it is given in nonpatent . 
literature 2 or nonpatent literature 4 general formula [ following ] (9) - (10), for example. 
[0094] 
[Formula 3] 
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C m H 2m+1° 




COOH 



( 1 0) 



[0095] 

It comes out and the ANBC16 grade expressed is mentioned, in addition, above-mentioned 
general formula, (9) - .(10) — setting — m — the integer of arbitration — in a general formula (9), 
m= 15 is shown in m= 16 and a general formula (10), and, specifically, X shows two -NO(s). 
[0096] 

In a 171.0 degrees C - 197.2 degrees C temperature requirement, a smectic D phase discovers 
the above ANBC16. The smectic D phase forms a three-dimensions-[ two or more molecules ] 
grid like a jungle gym (trademark registration), and the lattice constant is below optical 
wavelength. That is, a smectic D phase has cubic symmetric property. For this reason, a smectic 
D phase shows isotropy optically. 
[0097] 

If ANBC16 impresses electric field to ANBC16 in the above-mentioned temperature field which 
shows a smectic D phase, since a dielectric anisotropy exists in the molecule of ANBC16 itself, 
a molecule arises in the direction of electric field, and distortion arises in grids structure as the 
other side. That is, optical anisotropy is discovered to ANBC16. In addition, if it is the matter in 
which not only ANBC16 but a smectic D phase is shown, it is applicable as liquid crystallinity 
matter of the display device of the gestalt of this operation. 
[0098] 

[Liquid crystal micro emulsion] 

A liquid crystal micro emulsion is the generic name of the system (mixed stock) which permuted 
the oil child of an O/W mold micro emulsion (it is the system in which water was dissolved in the 
form of waterdrop with the surfactant, and an oil serves as a continuous phase into an oil) by the 
thermotropic liquid crystal molecule proposed in nonpatent literature 3. 
[0099] 

As an example of a liquid crystal micro emulsion, there is mixed stock of the pentyl cyano 
biphenyl (5CB) which is indicated by nonpatent literature 3 and which is the thermotropic liquid 
crystal in which a nematic liquid crystal phase is shown, and the water solution of the didodecyl 
ammonium star's picture (DDAB) which is the lyotropic (rye OTORO pick) liquid crystal in which 
an inverted micelle phase is shown, for example. This mixed stock has the structure expressed 
with a mimetic diagram as shown in drawing 8 and drawing 9 . 
[0100] 

Moreover, the diameter of reversed micelle is [ the distance between about 50A and reversed 
micelle of this mixed stock ] about 200A typically. These scales are smaller than the wavelength 
of light about single figure. Moreover, reversed micelle exists in the three-dimensions space 
target at random, and 5CB(s) are carrying out orientation to the radial the core [ each reversed 
micelle ]. Therefore, this mixed stock shows isotropy optically. 
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[0101] 

And if electric field are impressed to the medium which consists of this mixed stock, since a 
dielectric anisotropy exists in 5CB, the molecule itself considers as the other side in the 
direction of electric field. That is, an orientation anisotropy is discovered in the system which 
were directions [ target / optical ] since orientation was carried out to the radial the core 
[ reversed micelle ], and optical anisotropy is discovered in it. In addition, not only at the above- 
mentioned mixed stock but at the time of no electrical-potential-difference impressing, isotropy 
is shown optically, and if it is the liquid crystal micro emulsion which optical anisotropy discovers 
by electrical-potential-difference impression, it is applicable as liquid crystallinity matter of the 
display device of tTie gestalt of this operation. 
[0102] 

[Lyotropic liquid crystal] 

It seems that the main molecule which forms liquid crystal has melted into solvents (water, 
organic solvent, etc.) with other properties, and also lyotropic (rye OTORO pick) liquid crystal 
means the liquid crystal of a component system. Moreover, the above-mentioned specific phase 
is a phase which shows isotropy optically at the time of no electric-field impressing. As such a 
specific phase, there are a micell phase indicated by nonpatent literature 5, a sponge phase, a 
cubic phase, and an inverted micelle phase, for example. The classification Fig. of a lyotropic 
liquid crystal phase is shown in drawins 10 . 
[0103] 

There is matter which discovers a micell phase in the surfactant which is amphiphile. For 
example, a water solution of a sodium dodecyl sulfate, a water solution of a PAL thymine acid 
potassium, etc. which are an ionic surfactant form a spherical micell. Moreover, with the mixed 
liquor of the polyoxyethylene nonylphenyl ether and water which are a nonionic surfactant, when 
a nonylphenyl radical works as a hydrophobic group and an oxyethylene chain works as a 
hydrophilic group, a micell is formed. The water solution of a styrene-ethylene oxide block 
copolymer also forms a micell in others. 
[0104] 

For example, a molecule carries out packing (a molecular assembly is formed) of the spherical 
micell to a spatial omnidirection, and it shows the shape of a ball. Moreover, since the size of a 
spherical micell is below the wavelength of light, it does not show an anisotropy but looks 
isotropic. However, if electric field are impressed to such a spherical micell, since a spherical 
micell is distorted, an anisotropy will be discovered. Therefore, the lyotropic liquid crystal which 
has a spherical micell phase is also applicable as liquid crystallinity matter of the display device 
of the gestalt of this operation. In addition, the same effectiveness can be acquired even if it 
uses the micell phase of not only a spherical micell phase but other configurations, i.e., a string- 
like micell phase, an ellipse-like micell phase, and cylindrical micell equality as liquid crystallinity 
matter. 
[0105] 

Moreover, generally it is known that the reversed micelle which the hydrophilic group and the 
hydrophobic group replaced depending on concentration, temperature, and the conditions of a 
surfactant will be formed. Such reversed micelle shows the same effectiveness as a micell 
optically. Therefore, effectiveness equivalent to the case where a micell phase is used is done so 
by applying an inverted micelle phase as liquid crystallinity matter. In addition, the liquid crystal 
micro emulsion mentioned above is an example of a lyotropic liquid crystal which has an inverted 
micelle phase (reversed micelle structure). 
[0106] 

Moreover, the concentration and the temperature field which show a sponge phase as shown in 
drawing 10 , and a cubic phase exist in the water solution of the pentaethylene glycol- 
dodecylether which is a nonionic surfactant. Since such a sponge phase and a cubic phase have 
the order below the wavelength of light, they are the transparent matter. That is, the medium 
which consists of these phases shows isotropy optically. And if an electrical potential difference 
is impressed to the medium which consists of these phases, orientation order will change and 
optical anisotropy will be discovered. Therefore, the lyotropic liquid crystal which has a sponge 
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phase and a cubic phase is also applicable as liquid crystaliinity matter of the display device of 

the gestalt of this operation. 

[0107] 

[Liquid crystal particle dispersed system] 

Moreover, the liquid crystaliinity matter may be the liquid crystal particle dispersed system which 
made the latex particle with a diameter of about 100A which embellished the front face with the 
sulfuric-acid radical in the water solution of nonionic surfactant pentaethylene glycol- 
dodecylether intermingled. Although a sponge phase is discovered in the above-mentioned liquid 
crystal particle dispersed system, you may be the liquid crystal particle dispersed system which 
discovers the micell phase mentioned above, a cubic phase, an inverted micelle phase, etc. as 
liquid crystaliinity matter used, in the gestalt of this operation. In addition, the same oriented 
structure as the liquid crystal micro emulsion mentioned above can also be acquired by replacing 
with the above-mentioned latex particle and using Above DDAB. 
[0108] 

[DIN DORIMA] 

DIN DORIMA is the high branched polymer of the shape of three dimensions which has branching 
for every monomeric unit. Since DIN DORIMA has much branching, if it becomes the above 
molecular weight to some extent, it will serve as spherical structure. Since this spherical 
structure has the order below the wavelength of light, it is the transparent matter, by electrical- 
potential-difference impression, orientation order changes and optical anisotropy discovers it. 
Therefore, DIN DORIMA is also applicable as liquid crystaliinity matter of the display device of 
the gestalt of this operation. Moreover, the same oriented structure as the liquid crystal micro 
emulsion mentioned above can be acquired by replacing with DDAB in the liquid crystal micro 
emulsion mentioned above, and using above-mentioned DIN DORIMA. Thus, the obtained medium 
is also applicable as the above-mentioned liquid crystaliinity matter. 
[0109] 

[Cholesteric blue phase] 

Moreover, a cholesteric blue phase is applicable as liquid crystaliinity matter. In addition, the 

outline configuration of a cholesteric blue phase is shown in drawing 1 1 . 

[0110] 

As shown in drawing 1 1 , the cholesteric blue phase forms periodic structure in [ a screw axis ] 
three dimension, and it is known that the structure has high symmetric property (for example, 6- 
nonpatent literature 7 reference). Since the cholesteric blue phase has the order below the 
wavelength of light, it is the almost transparent matter, by electrical-potential-difference 
impression, orientation order changes and optical anisotropy discovers it. That is, in order that a 
cholesteric blue phase may show isotropy in general optically and a liquid crystal molecule may 
make it the other side in the direction of electric field by electric-field impression, a grid 
discovers distortion and an anisotropy. 
[0111] 

In addition, as matter in which a cholesteric blue phase is shown, the constituent which mixes 
"5CB" (a 4-cyano-4'-pentyl biphenyl, nematic liquid crystal) 47.4% of the weight, and comes to 
mix "ZLI-4572" (a trade name, chiral dopant by Merck Co.) at 4.4% of the weight of a rate is 
known 48.2% of the weight in "JC1041" (a trade name, liquid crystal mixture by Chisso Corp.), for 
example. This constituent shows a cholesteric blue phase in the temperature requirement of 
330.7K to 331.8K. 
[0112] 

[Smectic blue phase] 

Moreover, a smectic blue phase is applicable as liquid crystaliinity matter. In addition, the outline 

configuration of a cholesteric blue phase is shown in drawing 1 1 . 

[0113] 

As shown in drawing 1 1 , since a smectic blue (BPSm) phase has the structure of high 
symmetric property (for example, nonpatent literature 6, 7 reference) and has the order below 
the wavelength of light like the KOSUTE rucksack blue phase, it is the almost transparent 
matter, by electrical-potential-difference impression, orientation order changes and optical 
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anisotropy discovers it. That is, in order that a smectic blue phase may show isotropy in general 
optically and a liquid crystal molecule may make it the other side in the direction of electric field 
by electric-field impression, a grid discovers distortion and an anisotropy. 
[0114] 

In addition, as matter in which a smectic blue phase is shown, FH/FH/HH-14BTMHC indicated 
by nonpatent literature 6 is mentioned, for example. By 74.4 degrees C - 73.2 degrees C, this 
matter shows BPSm2 phase at a BPSm three phase circuit and 73.2 degrees C - 72.3 degrees 
C, and shows a BPSm plane 1 at 72.3 degrees C - 72.1 degrees C. Since a BPSm phase has the 
structure of high symmetric property as shown in nonpatent literature 7, the optical isotropy is 
shown in general. Moreover, if electric field are impressed to matter FH/FH/HH-14BTMHC, 
when a liquid crystal molecule considers as the other side in the direction of electric field, as for 
distortion and this matter, a grid will discover an anisotropy. Therefore, this matter can be used 
as liquid crystallinity matter of the display device of the gestalt of this operation. 
[0115] 

As mentioned above, the matter which can be used as liquid crystallinity matter in the display 
device of the gestalt of this operation If only optical anisotropy (whenever [ refractiveHndex and 
orientation order ]) changes with impression of electric field You may be the matter in which the 
Pockels effect or the Kerr effect is shown. A cubic phase, You may be the lyotropic liquid crystal 
or liquid crystal particle dispersed system which may consist of a molecule in which it is shown 
any of a smectic D phase, a cholesteric blue phase, and a smectic blue phase they are. and 
shows any of a micell phase, an inverted micelle phase, a sponge phase, and a cubic phase.. 
Moreover, the above-mentioned liquid crystallinity matter may be a liquid crystal micro emulsion, 
DIN DORIMA (DIN DORIMA molecule) and an amphipatic molecule, a copolymer, or polar 
molecules other than the above. 
[01 16] 

Moreover, as for the above-mentioned liquid crystallinity matter, it is desirable to have the order 
structure below the wavelength of light (orientation order) at the time of electrical-potential- 
difference impression or no electrical-potential-difference impressing. If order structure is below 
the wavelength of light, isotropy is shown optically. Therefore, the display condition at the time 
of no electrical-potential-difference impressing and electrical-potential-difference impression 
can certainly be changed by using the liquid crystallinity matter with which order structure 
becomes below the wavelength of light at the time of electrical-potential-difference impression 
or no electrical-potential-difference impressing. 
[0117] 

The non-liquid crystal matter and two or more kinds of liquid crystallinity matter with which 
isotropic phase-liquid crystal phase phase transition temperature differs are contained in the 
above-mentioned medium A. And the above-mentioned medium has the optical isotropy at 
temperature lower than the isotropic phase-liquid crystal phase phase transition temperature of 
each above-mentioned liquid crystallinity matter. So, isotropic phase-liquid crystal phase phase 
transition becomes broadcloth, and the effect of a medium by electric field decreases. Therefore, 
according to this invention, the display device from which driver voltage required for electric- 
field impression immediately after isotropic phase-liquid crystal phase phase transition does not 
change a lot is realizable. 
[0118] 

Specifically, the above "temperature lower than the isotropic phase-liquid crystal phase phase 
transition temperature of each liquid crystallinity matter" means temperature slightly lower than 
isotropic phase-liquid crystal phase phase transition temperature, for example, the temperature 
of -0.1 K. 
[0119] 

Moreover, if it is the liquid crystallinity matter with which isotropic phase-liquid crystal phase 
phase transition temperature becomes broadcloth as mentioned above as the above-mentioned 
liquid crystallinity matter, it will not be limited especially. For example, it is desirable that the 
various molecular weight distributions in the above-mentioned liquid crystallinity matter use the 
thing of 200-500. When molecular weight distribution are lower than 200, since isotropic phase- 
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liquid crystal phase phase transition temperature becomes lower than a room temperature and it 
is hard coming to show a liquid crystal phase, it is not desirable practically. Moreover, when 
molecular weight distribution are higher than 500, since isotropic phase-liquid crystal phase 
phase transition temperature becomes higher than 100 degrees C and it is hard coming to show 
a liquid crystal phase, it is not desirable practically. 
[0120] 

Moreover, it is desirable that distribution of the various isotropic phase-liquid crystal phase 
phase transition temperature in the above-mentioned liquid crystallinity matter uses a thing 20 
degrees C or more. When isotropic phase-liquid crystal phase phase transition temperature is 
lower than 20 degrees C, since it is easy to evaporate the liquid crystallinity matter also at the 
temperature of room temperature extent, it takes place [ component change of the medium A 
according the above-mentioned medium A to liquid crystallinity matter volatilization after 
preparation / tend ] and is not desirable. 
[0121] 

Moreover, it is desirable that fluorine liquid crystal and cyano liquid crystal are contained in the 
above-mentioned liquid crystallinity matter, the large chemical structure of the dipole moment is 
included like a fluorine system or cyano liquid crystal — the liquid crystallinity matter — a 
dipole-dipole interaction — doing — for this reason, isotropic phase-liquid crystal phase phase 
transition temperature — broadcloth — ** 
[0122] 

The liquid crystallinity matter hereafter shown by above-mentioned structure-expression (1) - 
(3) as the above-mentioned liquid crystallinity matter with the gestalt of this operation, Namely, 
although what was mixed 1 7 % of the weight (Chisso Corp. make) of fluorine system liquid crystal 
mixture JC-1041XX(s) shall be used for what carried out equivalent mixing of 3O0B, 50CB, and 
the 70CB, respectively As the above-mentioned liquid crystallinity matter, it is not limited to 
this, and if it conforms to the conditions mentioned above, the mixture of the various matter 
itself or various matter is applicable. 
[0123] 

Moreover, in addition to the above-mentioned liquid crystallinity matter, in the display device of 
the gestalt of this operation, the above-mentioned medium A comes to contain a chiral agent. A 
chiral agent can be mutually twisted with the molecule which adjoins in the liquid crystallinity 
matter, and takes structure. And the energy of the interaction between the molecules in the 
liquid crystallinity matter becomes low, the liquid crystallinity matter can be twisted 
spontaneously, and takes structure, and structure stabilizes it. So, near the isotropic phase- 
liquid crystal phase phase transition temperature, a rapid structural change cannot break out 
easily, the liquid crystal phase which has the optical isotropy is discovered, and the medium A 
containing a chiral agent does the effectiveness of reducing phase transition temperature. As 
such a chiral agent, ZU-4572 (Merck Co. make), C15 (Merck Co. make), CN (Merck Co. make), 
CB15 (Merck Co. make), etc. are mentioned, for example. Moreover, by the display device of the 
gestalt of this operation, the above-mentioned liquid crystallinity matter may show chiral nature. 
[0124] 

Moreover, in the display device of the gestalt of this operation, the above-mentioned medium A 
comes to contain the non-liquid crystallinity matter further. The non-liquid crystallinity matter is 
inferior to compatibility in mixing to the above-mentioned liquid crystallinity matter. And since 
the above-mentioned non-liquid crystallinity matter can weaken the mutual restraint between 
the components of the liquid crystallinity matter, it becomes easy about orientation change of 
the liquid crystallinity matter, and can reduce more driver voltage required for electric-field 
impression. Although it will not be especially limited if it is the matter which weakens the mutual 
restraint between the components of the liquid crystallinity matter as such non-liquid 
crystallinity matter, alcohols and the non-polar matter are also mentioned as a polar solvent and 
an example, for example. 
[0125] 

Especially, in mixing with the liquid crystallinity matter, compatibility is slightly inferior in the 
non-polar matter. So, in packing within the quality of mixture in Medium A, since it is 
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comparatively hard to be influenced of a dipole interaction etc., mutual restraint of the 
component of the liquid crystallinity matter is weakened. Therefore, orientation change of a liquid 
crystallinity matter molecule becomes easier to take place, and the effectiveness that driver 
voltage falls is done so. Although it will not be especially limited if it is the matter which weakens 
mutual restraint of the component of the liquid crystallinity matter as such non-polar matter, 
straight chain alkanes, such as n-dodecane, n-octane, and n-Deccan, benzene, the ether, etc. 
are mentioned, for example. 

Moreover, in Medium A, although the concentration of the chiral agent in the above-mentioned 
medium A will not be especially limited if it is the concentration which can stabilize the structure 
of the liquid crystallinity matter, its 1 - 15 % of the weight is desirable, and especially 3 - 10 % of 
the weight is desirable [ concentration ], for example. However, the concentration of the chiral 
agent in the above-mentioned medium A can be suitably set up according to the class of chiral 
agent, the configuration of a display device, or a design. 
[0126] 

Moreover, in Medium A, although the concentration of the non-polar matter in the above- 
mentioned medium A will not be especially limited if it is the concentration which can weaken 
mutual restraint of the component of the liquid crystallinity matter, its 0.5 - 10 % of the weight is 
desirable, and especially 1 - 6 % of the weight is desirable [ concentration ], for example. 
However, the concentration of the non-polar matter in the above-mentioned medium A can be 
suitably set up according to the class of non-polar matter, the configuration of a display device, 
or a design. 
[0127] 

According to the gestalt of this operation, ITO was used as the above-mentioned electrode 4-5, 
thickness (namely, distance between substrates 1-2) of the line breadth of 5 micrometers, the 
inter-electrode distance of 5 micrometers, and the medium layer 3 was set to 5 micrometers, 
and the above-mentioned medium earnest desire object was used as a medium A. and the 
exterior — warming — permeability was able to be changed by equipment's (heating means') 
maintaining the above-mentioned medium mixture at the temperature near right above [ of a 
nematic isotropic phase / phase transition ] (temperature slightly higher than phase transition 
temperature, for example, +0.1 K), and performing electrical-potential-difference impression. In 
addition, the above-mentioned medium A shows an isotropic phase at a nematic phase and the 
temperature beyond it with the temperature of less than 54 degrees C. 
[0128] 

Next, drawing 3 (a) - (b), drawing 4 , and drawing 5 (a) - (g) is made reference, and the display 

principle in the display device of the gestalt of this operation is explained below. 

[0129] 

In addition, by the following explanation, at the time of no electric-field impressing, the display 
device of a transparency mold is used as the above-mentioned display device, and it is a method 
of ** suitably, and the method of ** and the case where an optical anisotropy is used by 
electricHleld impression are mentioned as an example, and are mainly explained mostly optically. 
However, this invention is not limited to this. 
[0130] 

Drawing 3 (a) is the important section top view showing typically the configuration of the display 
device of the gestalt of this operation in electric-field the condition of not impressing (OFF 
condition), and drawing 3 (b) is the important section top view showing typically the configuration 
of the display device of the gestalt of this operation in an electric-field impression condition (ON 
condition). In addition, the configuration in 1 pixel [ in / in drawing 3 (a) - (b) / the above- 
mentioned display device ] shall be shown, and illustration is omitted about the configuration of 
the expedient top of explanation, and the opposite substrate 21. 
[0131] 

Furthermore, drawing 4 is a graph which shows the relation of the applied voltage and the 
permeability in the display device shown in drawing 1 (a) - (b). Drawing 5 (a) - (g) moreover, the 
difference in the display principle of the display device which displays using change of the optical 
anisotropy by impression of electric field, and the conventional liquid crystal display component 
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It is the sectional view typically shown in the configuration (the configuration of the cut end of 
an index ellipsoid shows) and its direction of a main shaft of an average index ellipsoid of the 
medium at the time of no electrical-potential-difference impressing and electrical-potential- 
difference impression (OFF condition) (ON condition). Drawing 5 (a) The sectional view at the 
time (OFF condition) of no electrical-potential-difference impressing [ of the display device as 
which - (g) displays it on order using change of the optical anisotropy by impression of electric 
field ], The sectional view at the time of electrical-potential-difference impression of this display 
device (ON condition), the sectional view at the time of no electrical-potential-difference 
impressing [ of the liquid crystal display component of TN (Twisted Nematic) method ], The 
sectional view at the time of electrical-potential-difference impression of the liquid crystal 
display component of this TN method, the sectional view at the time of no electrical-potential- 
difference impressing [ of the liquid crystal display component of VA (Vertical Alignment) 
method ] t The sectional view at the time of electrical-potential-difference impression of the 
liquid crystal display component of this VA method, the sectional view at the time of no 
electrical-potential-difference impressing [ of the liquid crystal display component of an IPS (In 
Plane Switching) method ], and the sectional view at the time of electrical-potential-difference 
impression of the liquid crystal display component of this IPS method are shown. 
[0132] 

Generally, the refractive index in the matter is not isotropic and changes with directions, the 
direction (substrate side inboard) where the anisotropy of this refractive index is parallel to a 
substrate side — and the opposite direction of two electrodes 4-5, a direction (the direction of a 
substrate normal) perpendicular to a substrate side, and a direction (substrate side inboard) 
parallel to a substrate side — and — if a direction perpendicular to the opposite direction of two 
electrodes 4-5 is made into x, y, and the direction of z, respectively — the rectangular 
coordinate system (X1, X2, X3) of arbitration — using — the following relational expression (1) 
[0133] 
[Equation 1] 




(l) 



[0134] 

(2 qji=nu, i.j= 1. 3) 

It comes out and is shown by the ellipsoid (index ellipsoid) expressed (for example, nonpatent 
literature 12 reference). Here, when the above-mentioned relational expression (1) is rewritten 
using the system of coordinates (Y1 , Y2, Y3) of the direction of a main shaft of an ellipsoid, it is 
the following relational expression (2). 
[0135] . 
[Equation 2] 




[0136] 

It is come out and shown, nl, n2, and n3 (it is hereafter described as nx, ny, and nz) are called 
the principal indices of refraction, and they are equivalent to the one half of the die length of 
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three main shafts in an ellipsoid. Considering the light wave which advances in the direction 
perpendicular to the field of Y3=0 from a zero, this light wave has a polarization component in 
the direction of Y1 and Y2, and the refractive indexes of each component are nx and ny, 
respectively, the light which generally, advances in the direction of arbitration — receiving — a 
zero — a passage — a field perpendicular to the travelling direction of a light wave — an index 
ellipsoid — it is considered a cut end, and the direction of a main shaft of this ellipse is the 
direction of a component of polarization of a light wave, and the one half of the die length of a 
main shaft is equivalent to the refractive index of that direction. 
[0137] 

First, about the difference of a display principle with the display device which displays using 
change of the optical anisotropy by impression of electric field, and the conventional liquid 
crystal display component, as a conventional liquid crystal display component, TN method, VA 
method, and an IPS method are held for an example, and are explained. 
[0138] 

Drawing 5 (c) As shown in - (d), the liquid crystal display component of TN method The liquid 
crystal layer 105 is pinched between the substrates 101.102 of the pair by which opposite 
arrangement was carried out. Although it has the configuration in which the transparent 
electrode 103-104 (electrode) is formed on both the above-mentioned substrates 101-102, 
respectively, and the direction of a m^jor axis of the liquid crystal molecule in the liquid crystal 
layer 105 is twisted spirally and orientation is carried out at the time of no electrical-potential- 
difference impressing At the time of electrical-potential-difference impression, the direction of a 
m^jor axis of the above-mentioned liquid crystal molecule carries out orientation along the 
direction of electric field. In this case, as are shown in drawing 5 (c) at the time of no electrical- 
potential-difference impressing, and average index ellipsoid 105a which can be set turns to the 
direction (substrate side inboard) where that direction of a main shaft (the direction of a m^jor 
axis) is parallel to a substrate side and shows it to drawing 5 (d) at the time of electrical- 
potential-difference impression, that direction of a main shaft turns to the direction of a 
substrate side normal. That is, the direction of a main shaft changes in the time of no electrical- 
potential-difference impressing and electrical-potential-difference impression, without the 
configuration of index ellipsoid 105a changing (index ellipsoid 105a rotates). 
[0139] 

As shown in - (f), as for the liquid crystal display component of VA method, the liquid crystal 
layer 205 is pinched between the drawing 5 (e) substrates 201.202 of the pair by which opposite 
arrangement was carried out. the direction of a major axis of a liquid crystal molecule [ in / it 
has the configuration equipped with the transparent electrode (electrode) 203-204 on both the 
above-mentioned substrates 201-202, respectively, and / in the time of no electrical-potential- 
difference impressing / the liquid crystal layer 205 ] — a substrate side — receiving — 
abbreviation, although orientation is carried out in the perpendicular direction At the time of 
electrical-potential-difference impression, the direction of a major axis of the above-mentioned 
liquid crystal molecule carries out orientation in the direction perpendicular to electric field. In 
this case, at the time of no electrical-potential-difference impressing, average index ellipsoid 
205a which can be set turns to the direction (substrate side inboard) where that direction of a 
main shaft is parallel to a substrate side at the time of electrical-potential-difference impression, 
as are shown in drawing 5 (e), and that direction of a main shaft (the direction of a m^jor axis) 
turns to the direction of a substrate side normal and shows drawing 5 (f). That is, in the case of 
the liquid crystal display component of VA method as well as the liquid crystal display 
component of TN method, the direction of a main shaft changes in the time of no electrical- 
potential-difference impressing and electrical-potential-difference impression, without the 
configuration of index ellipsoid 205a changing (index ellipsoid 205a rotates). 
[0140] 

Moreover, as the liquid crystal display component of an IPS method is shown in drawing 5 (f) - 
(g) By an electrical potential difference being impressed to the liquid crystal layer by which one 
pair of electrodes 302-303 were pinched between the opposite substrates which have the 
configuration by which opposite arrangement was carried out and are not illustrated with the 
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above-mentioned electrode 302-303 on the same substrate 301 The direction of orientation of 
the liquid crystal molecule in the above-mentioned liquid crystal layer (the direction of a main 
shaft of index ellipsoid 305a (the direction of a m^jor axis)) can be changed, and a display 
condition which is different in the time of no electrical-potential-difference impressing and 
electrical-potential-difference impression can be realized now. That is, the direction of a main 
shaft changes in the time of the electrical-potential-difference impression which is shown at the 
time of no electrical-potential-difference impressing [ which is shown like the liquid crystal 
display component of TN method and VA method at drawing 5 (f) ], and drawing 5 (g) also in the 
case of the liquid crystal display component of an IPS method, without the configuration of index 
ellipsoid 305a changing (index ellipsoid 305a rotates ). 

roui] 

Thus, the liquid crystal molecule is carrying out orientation in a certain direction also in the time 
of no electrical-potential-difference impressing, and it is expressing as the conventional liquid 
crystal display component by changing the direction of orientation by impressing an electrical 
potential difference (modulation of permeability). That is, although the configuration of an index 
ellipsoid does not change, it shows using the direction of a main shaft of an index ellipsoid 
rotating by electrical-potential-difference impression (change). That is, whenever [ orientation 
order / of a liquid crystal molecule ] is fixed, and expresses as the conventional liquid crystal 
display component by changing the direction of orientation (modulation of permeability). 
[0142] 

On the other hand, the display devices also including the display device of the gestalt of this 
operation which display using change of the optical anisotropy by impression of electric field 
Drawing 5 (a) As shown in - (b), the configurations of index ellipsoid 3a at the time of no 
electrical-potential-difference impressing are directions [ globular shape /, i.e., an optical target 
etc., ] (whenever [ nx=ny=nz and orientation order ] = 0), and an anisotropy (nx>ny and 
orientation order whenever > 0) discovers them by impressing an electrical potential difference, 
in addition, the above nx, ny, and nz — a direction (substrate side inboard) respectively parallel 
to a substrate side — and a direction (substrate side inboard) parallel to the principal indices of 
refraction of the opposite direction of two electrodes 4-5, the principal indices of refraction of a 
direction (the direction of a substrate normal) perpendicular to a substrate side, and a substrate 
side — and the principal indices of refraction of a direction perpendicular to the opposite 
direction of two electrodes 4-5 are expressed. 
[0143] 

Thus, the display device of the gestalt of this operation displays, when the direction of optical 
anisotropy modulates for example, whenever [ orientation order ] by regularity (the electrical- 
potential-difference impression direction does not change), and display principles differ greatly 
as the conventional liquid crystal display component. 
[0144] 

As shown in drawing 3 (a), since the medium A (medium layer 3) enclosed between substrate 1 
and 2 shows an isotropic phase and serves as a method of ** also optically, the display device of 
the gestalt of this operation becomes a black display in the condition of not impressing the 
electrical potential difference to an electrode 4 and 5. 
[0145] 

On the other hand, since orientation will be carried out so that each molecule of the above- 
mentioned medium A may meet the electric field by which the direction of a m^jor axis is formed 
between the above-mentioned electrode 4 and 5 if an electrical potential difference is impressed 
to an electrode 4 and 5 as shown in drawing 3 (b), a birefringence phenomenon is discovered. 
This birefringence phenomenon enables it to modulate the permeability of a display device 
according to the electrical potential difference between electrodes 4-5. 
[0146] 

In addition, although an electrical potential difference required in order to modulate the 
permeability of a display device in temperature sufficiently far from phase transition temperature 
(transition point) becomes large, immediately, at temperature right above, it is an electrical 
potential difference before and behind 0 - 100V, and the thing of the transition point for which 
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permeability is fully modulated becomes possible. 
[0147] 

For example, when the refractive index of the direction of electric field and the refractive index 
of a direction perpendicular to the direction of electric field are made into n//and n** f 
respectively according to nonpatent literature 4 and nonpatent literature 8, the relation between 
birefringence change (deltan=n//-n**), and the external electric field (V/m) E, i.e., electric field, 
is the following relational expression (3). 
delta n=lambda-Bk-E 2 — (3) 

It is come out and expressed. In addition, lambda is [ a Kerr constant (m/V2) and E of the 
wavelength (m) of the incident light in the inside of a vacuum and Bk ] impression field strength 
(V/m). 
[0148] 

It is known that Kerr constant B will decrease with the function which is proportional to 1/(T- 
Tni) with the rise of temperature (T). For this reason, though Kerr constant B can be driven with 
weak field strength near the transition point (Tni), while temperature (T) rises, rapidly required 
field strength increases, for this reason — although an electrical potential difference required in 
order to modulate permeability becomes large at temperature (temperature higher enough than 
the transition point) sufficiently far from the transition point — the temperature of phase 
transition right above — about 100 — permeability can fully be modulated on V or less electrical 
potential difference. 
[0149] 

Furthermore, when a power source is switched on in the display equipped with the display device 
which used for the display medium the medium A which optical anisotropy discovers by 
impression of electric field, and ambient temperature is low, the above-mentioned medium A 
does not reach the temperature which should be driven essentially, but it is mentioned that the 
physical condition of Medium A may differ from the condition that it should have essentially at 
the time of a component drive. For example, when the above-mentioned medium A must drive 
essentially in the state of the isotropic phase of the phase-transition-temperature right above of 
a nematic-isotropic phase (it may be still reverser), it may be a low-temperature nematic state 
from the above-mentioned phase transition temperature at the power up. In this case, non- 
electric-field impression also has optical anisotropy, and if nematic, light is made penetrated by 
that optical anisotropy, when isotropic state must attain a black display essentially in the state 
of no electric-field impressing. Therefore, a good black display becomes impossible to such a 
case, and contrast will fall to it. Of course, although a display device can be overheated 
according to a heater or the light source (back light) and a good display can be obtained, it is not 
easy to raise temperature and to stabilize it in an instant. 
[0150] 

Then, in the gestalt of this operation, the dielectric thin film (orientation film) with which rubbing 
processing was performed and which is not illustrated may be formed on each opposed face in a 
substrate 1-2 if needed. By the above-mentioned dielectric thin film being formed inside one [ at. 
least ] substrate among the substrates 1-2 of a top Norikazu pair, the degree of the order of the 
above-mentioned orientation can be raised and the bigger electro-optical effect, for example, 
the bigger Kerr effect, can be acquired. 
[0151] 

as the above-mentioned dielectric thin film — respectively — an organic thin film — you may be 
— an inorganic thin film — you may be — the above-mentioned orientation effect — it can 
even obtain — when carrying out and the above-mentioned dielectric thin film is formed with an 
organic thin film although not limited especially, since a good orientation effect is shown, it is 
more desirable to use an organic thin film as the above-mentioned dielectric thin film. Polyimide 
is extremely stable and reliable also in such an organic thin film, and since the extremely 
excellent orientation effect is shown, the display device which shows the better display engine 
performance to the above-mentioned dielectric thin film material by using polyimide can be 
offered. 
[0152] 



JP-A-2005-316013 



29/38 <<—i> 



Especially the thickness is not limited that what is necessary is just to form the above- 
mentioned dielectric thin film among the substrates 1-2 of the above-mentioned pair on the 
inside 1 of one [ at least ] substrate, for example, the above-mentioned substrate, so that the 
above-mentioned Kushigata electrode 4-5 may be covered. Moreover, along with ctenidium 
partial 4a and 5a of the above-mentioned Kushigata electrode 4-5, as for the dielectric thin film 
prepared on the above-mentioned substrate 1 , and the dielectric thin film prepared on the 
substrate 2, rubbing processing is mutually performed to hard flow. 
[0153] 

Moreover, there is no optical contribution by the medium by which the nematic liquid crystal 
phase which deposited when the temperature which ambient temperature should be lower than 
the above-mentioned transition point to a power up for example, and Medium A should drive 
essentially was not reached differs from the condition at the time of the drive of original [ liquid 
crystal phase / above-mentioned /, i.e. physical condition, / nematic ] at the display device of 
the gestalt of this operation in order to carry out orientation to polarizing plate absorption shaft 
orientations in this case, the direction of orientation ( processing) in the above-mentioned 
orientation film and. Consequently, it can also set, by the time the temperature of a display 
device rises with a heater and a back light, and a good black display can be realized. 
[0154] 

Namely, even if an optical anisotropy is discovered at the time of no electrical-potential- 
difference impressing according to the gestalt of this operation Level orientation processing of 
the direction which is parallel or intersects perpendicularly with one polarizing plate absorption 
shaft is performed to the mutual opposite front face in the above-mentioned pixel substrate 1 1 
and the opposite substrate 12. The optical contribution can be vanished by carrying out in the 
direction which is parallel or intersects perpendicularly with the above-mentioned polarizing plate 
absorption shaft, the direction of orientation, i.e., direction, of the optical anisotropy. That is, in 
the gestalt of this operation, orientation of Medium A and the molecule which constitutes this 
medium A strictly of a substrate interface is carried out along the direction of orientation 
(processing) in the above-mentioned orientation processing at the temperature of under 
component drive temperature by level orientation processing being performed to the opposed 
face front face of the opposite substrate 12 in the above-mentioned pixel substrate 11. 
[0155] 

Moreover, according to the display device of the gestalt of this operation, even if it arrived at the 
desired drive temperature field, the leakage of the light at the time of the black display by the 
molecule which stuck to the substrate interface was not observed, but was able to realize high 
contrast. Consequently, the display device which contrast did not fall and was excellent in high- 
speed responsibility and an angle-of-visibility property can be obtained. 
[0156] 

what carried out equivalent mixing of the liquid crystallinity matter shown by above-mentioned 
structure-expression (1) - (3), i.e., 30CB, 50CB, and the 70CB as the above-mentioned medium 
A with the gestalt of this operation hereafter, respectively — fluorine system liquid crystal 
mixture JC-1041XX (Chisso Corp. make) — 17 % of the weight and a chiral agent — what added 
n-dodecane for ZU-4572 (Merck Co. make) 2% of the weight 3% of the weight was used. What is 
not limited to this, applied the mixture of the various matter itself mentioned above as liquid 
crystallinity matter or various matter as the above-mentioned medium A, and added a chiral 
agent and the non-polar matter to this may be used. 
[0157] 

the above-mentioned display device — setting — the exterior — warming — permeability was 
able to be changed by equipment's (heating means') maintaining the above-mentioned medium 
mixture at the temperature near right above [ of a nematic isotropic phase / phase transition ] 
(temperature slightly higher than phase transition temperature, for example, +0.1 K). and 
performing electrical-potential-difference impression. Moreover, when electrical-potential- 
difference impression was performed, the applied voltage which can obtain the maximum 
permeability was 46V. In addition, the isotropic phase-liquid crystal phase phase transition 
temperature of Medium A was 54 degrees C at this time. That is, the above-mentioned medium 
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A shows an isotropic phase at a nematic phase and the temperature beyond it with the 
temperature of less than 54 degrees C. 

[0158] r • 

Here, in the display device which has the configuration mentioned above for the comparison, 
what added ethyl alcohol 0.1% of the weight was used for what mixed the liquid crystallinity 
matter shown by the above-mentioned structure expression (2) and (4). i.e., 50CB, and 5CB 90% 
of the weight 10% of the weight as a medium A, respectively (it considers as the example of a 
comparison hereafter). At this time, the isotropic phase-liquid crystal phase phase transition 
temperature of Medium A was 59 degrees C. moreover, this display device — setting — the 
exterior — warming — as a result of equipment's (heating means') maintaining the above-* 
mentioned medium mixture at the temperature near right above [ of a nematic isotropic phase / 
phase transition ] (temperature slightly higher than phase transition temperature, for example, 
+0.1 K) and performing electrical-potential-difference impression, the applied voltage which can 
obtain the maximum permeability was 53V. Moreover, at the temperature lower than the phase 
transition temperature of the liquid crystallinity matter in the display device of the example of a 
comparison, Medium A did not show the optical isotropy at the time of no electrical-potential- 
difference impressing. So, in the display device of the example of a comparison, the optical 
leakage considered to be the defect structure origin had arisen. Moreover, driver voltage was 
changing a lot bordering on the phase transition of an isotropic phase-liquid crystal interphase. 
[0159] 

Thus, the applied voltage from which isotropic phase-liquid crystal phase phase transition 
temperature is a little low, and the maximum permeability is obtained unlike the display device of 
the example of a comparison in the display device of the gestalt of this operation was small. 
Moreover, as for the display device of the gestalt of this operation, driver voltage did not change 
a lot near the isotropic phase-liquid crystal phase phase transition. That is, unlike the display 
device of the example of a comparison, in the display device of the gestalt of this operation, the 
fall of driver voltage was realizable not only for the fall of phase transition temperature but 
coincidence. 
[0160] 

Moreover, in the display device of the example of a comparison, driver voltage was going up as 
temperature became high especially from phase transition temperature bordering on the phase 
transition temperature of an isotropic phase-low temperature side liquid crystal phase. On the 
other hand, by the display device of the gestalt of this operation, the hypothermic phase directly 
under an isotropic phase showed the optical isotropy. Namely, at temperature lower than the 
phase transition temperature of the liquid crystallinity matter, Medium A showed the optical 
isotropy at the time of no electrical-potential-difference impressing. Furthermore, driver voltage 
required for orientation change does not change a lot bordering on the phase transition 
temperature of an isotropic phase-low temperature side liquid crystal phase. This means that 
temperature dependence is small to the effect are influenced by electric field [ near the phase 
transition ]. If it furthermore says, it is shown to change of the rate of tropism by the Kerr effect 
which changes by the square of electric field that it is more extremely stable than the example 
of a comparison. 

[0161] When 30CB, 50CB, 70CB, and fluorine system liquid crystal mixture JO1041XX mix this 
in the medium A of the display device of the gestalt of this operation, the phase transition to the 
isotropic phase-liquid crystal phase in a simple substance came to have lapped with mixture, and 
phase transition is considered to have become broadcloth, respectively. Consequently, a 
structural change did not take place rapidly, either but **** liquid crystal phases [ target / 
optical ] discovered it. 
[0162] 

Generally compared with low-molecular, the phase transition point of a macromolecule is not 
clear. In a macromolecule. this has molecular weight distribution, and since lap doubling of 
various phase transition temperature corresponding to the distribution becomes the phase 
transition temperature of the whole macromolecule, it becomes indefinite. The phase transition 
point became less clear [ by the same effectiveness ] also in the gestalt of this operation. 
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[0163] 

With the gestalt of this operation, since Medium A comes to contain a chiral agent, if it can twist 
mutually with the molecule which adjoins in the liquid crystallinity matter and structure is taken, 
the energy of an intermolecular interaction will become low. Therefore, a chiral agent can be 
twisted spontaneously and takes structure. That is, with the gestalt of this operation, can twist 
the phase transition which became broadcloth beforehand by chiral agent installation, structure 
is made to discover, the structure is stabilized, and phase transition becomes broadcloth more. 
For this reason, it is thought that driver voltage was able to be made smaller. 
[0164] 

Moreover, Medium A^comes to contain the dodecane which is the non-polar matter further. In 
mixing to the liquid crystallinity matter, compatibility is slightly inferior in the non-polar matter. 
So, in packing within the mixture of Medium A, there is an operation which uses a system as 
software more and weakens mutual restraint of a component Therefore, orientation change is 
made easier and it is thought that it is affected so that driver voltage may become lower as a 
result. With the gestalt of this operation, it is made small to extent which does not almost have 
the change to the electric field in isotropic phase-liquid crystal phase phase transition, and it is 
thought by adding the non-liquid crystallinity matter on it that the rise of an electrical potential 
difference required for an optical modulation can be suppressed. 
[Availability on industry] 
[0165] 

The display device of this invention is a display device excellent in the wide-field-of-view angle 
property and the high-speed response characteristic, for example, can be widely applied to the 
image display device with which information terminals, such as OA equipment, such as image 
display devices, such as television and a monitor, a word processor (word processor), and a 
personal computer, or a video camera, a digital camera, and a cellular phone, etc. are equipped. 
Moreover, since the display device of this invention has a wide-field-of-view angle property and 
a high-speed response characteristic, and can reduce liquid crystal phase-isotropic phase phase 
transition temperature, and can stabilize the Kerr effect and can reduce driver voltage as 
described above, it is suitable also for a big screen display or animation display. 
[Brief Description of the Drawings] 
[0166] 

[Drawing 1] (a) is the sectional view showing typically the outline configuration of the important 
section of the display device of one gestalt of operation of this invention in electrical-potential- 
difference the condition of not impressing, and (b) is the sectional view showing typically the 
outline configuration of the important section of the display device of one gestalt of this 
operation in an electrical-potential-difference impression condition. 

[Drawing 2] It is drawing explaining the relation of the electrode structure and the polarizing 
plate absorption shaft in the display device of one gestalt of operation of this invention. 
[Drawing 3] (a) is the sectional view showing typically the medium of the above-mentioned 
display device in electrical-potential-difference the condition of not impressing, and (b) is the 
sectional view showing typically the medium of the above-mentioned display device in an 
electrical-potential-difference impression condition. 

[Drawing 4] It is the graph which shows the relation of the applied voltage and the permeability in 
the above-mentioned display device. 

[Drawing 5] It is the sectional view showing typically the difference in the display principle of the 
above-mentioned display device and the conventional liquid crystal display component in the 
configuration and its direction of a main shaft of an average index ellipsoid of the medium at the 
time of no electrical-potential-difference impressing and electrical-potential-difference 
impression, (a) is a sectional view at the time of no electrical-potential-difference impressing 
[ of the display device concerning the gestalt of this operation ]. (b) is a sectional view at the 
time of electrical-potential-difference impression of the display device concerning the gestalt of 
this operation, (c) is a sectional view at the time of no electrical-potential-difference impressing 
[ of the liquid crystal display component of TN method ], and (d) is a sectional view at the time 
of electrical-potential-difference impression of the liquid crystal display component of TN 
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method. (0 is a sectional view at the time of electrical-potential-difference impression of the 
liquid crystal display component of VA method, (e) is a sectional view at the time of no 
electrical-potential-difference impressing [ of the liquid crystal display component of VA 
method ], and (h) is [ (g) is a sectional view at the time of no electrical-potential-difference 
impressing / of the liquid crystal display component of an IPS method /, and ] a sectional view 
at the time of electrical-potential-difference impression of the liquid crystal display component 
of an IPS method. 

[Drawing 6] It is the mimetic diagram showing the structure of the cubic symmetry in a smectic 
D phase with a load network model. 

fD rawing 7] It is the mimetic diagram showing the structure of tKe cubic symmetric property in a 
smectic D phase. 

[Drawing 8] It is the mimetic diagram showing an example of the inverted micelle phase mixed 
stock of a liquid crystal micro emulsion. 

CP rawing 9] It is the mimetic diagram showing other examples of the inverted micelle phase 
mixed stock of a liquid crystal micro emulsion. 

fPrawing 1 0] It is the classification Fig. of a lyotropic liquid crystal phase. 

rPrawing 1 1] It is the mimetic diagram showing the various structures of the medium of the 

display device of this invention. 

[Pescription of Notations] 

[0167] 

1 Substrate 

2 Substrate 

3 Medium Layer 

4 Electrode (Electric-Field Impression Means) 
4a Ctenidium part 

5 Electrode (Electric-Field Impression Means) 
5a Ctenidium part 

6 Polarizing Plate 

7 Polarizing Plate 

1 1 Pixel Substrate (Substrate) 

1 2 Opposite Substrate (Substrate) 

45c t 45d The electric-Hleld impression direction 
A Medium 
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PESCRIPTION OF ORAWINGS 



[Brief Pescription of the Prawings] 
[0166] 

rPrawing 1] (a) is the sectional view showing typically the outline configuration of the important 
section of the display device of one gestalt of operation of this invention in electrical-potential- 
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difference the condition of not impressing, and (b) is the sectional view showing typically the 
outline configuration of the important section of the display device of one gestalt of this 
operation in an electrical-potential-difference impression condition. 

["Drawing 2] It is drawing explaining the relation of the electrode structure and the polarizing 
plate absorption shaft in the display device of one gestalt of operation of this invention. 
fDrawing 3] (a) is the sectional view showing typically the medium of the above-mentioned 
display device in electrical-potential-difference the condition of not impressing, and (b) is the 
sectional view showing typically the medium of the above-mentioned display device in an 
electrical-potential-difference impression condition. 

fDrawing 4] It is the graph which shows the relation of the applied voltage and the permeability in 
the above-mentioned display device. 

fDrawing 5] It is the sectional view showing typically the difference in the display principle of the 
above-mentioned display device and the conventional liquid crystal display component in the 
configuration and its direction of a main shaft of an average index ellipsoid of the medium at the 
time of no electrical-potential-difference impressing and electrical-potential-difference 
impression, (a) is a sectional view at the time of no electrical-potential-difference impressing 
[ of the display device concerning the gestalt of this operation ]. (b) is a sectional view at the 
time of electrical-potential-difference impression of the display device concerning the gestalt of 
this operation, (c) is a sectional view at the time of no electrical-potential-difference impressing 
[ of the liquid crystal display component of TN method ], and (d) is a sectional view at the time 
of electrical-potential-difference impression of the liquid crystal display component of TN 
method, (f) is a sectional view at the time of electrical-potential-difference impression of the 
liquid crystal display component of VA method, (e) is a sectional view at the time of no 
electrical-potential-difference impressing [ of the liquid crystal display component of VA 
method ], and (h) is [ (g) is a sectional view at the time of no electrical-potential-difference 
impressing / of the liquid crystal display component of an IPS method /, and ] a sectional view 
at the time of electrical-potential-difference impression of the liquid crystal display component 
of an IPS method. 

[Drawing 6] It is the mimetic diagram showing the structure of the cubic symmetry in a smectic 
D phase with a load network model. 

[Drawing 7] It is the mimetic diagram showing the structure of the cubic symmetric property in a 
smectic D phase. 

[Drawing 8] It is the mimetic diagram showing an example of the inverted micelle phase mixed 
stock of a liquid crystal micro emulsion. 

[Drawing 9] It is the mimetic diagram showing other examples of the inverted micelle phase 
mixed stock of a liquid crystal micro emulsion. 

[Drawing 10] It is the classification Fig. of a lyotropic liquid crystal phase. 

[Drawing 1 1] It is the mimetic diagram showing the various structures of the medium of the 

display device of this invention. 
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alcfc(t|,«g#^4 c&tfSg®l£#4 d#. «-*ffi#g&#5 a(C*5tel>ffil&jfc}i-5 c & 
V«M»5dtTOi:^r5J:3^ ttfiiEgSftTOS. ^t9>i. ^854 • StC^S 
SrEpjn-f^t, m*E|JJir^[6l* t SVHca'&'&2O0tgW^$<l?.. "t=S:t)^. iB®« 
#4 c iffittfi!c#5 c tcorao^# (02c7)S^EPSD^rr*14 5c), &tf » «g#l£#4 d 
t$mf8Lft5 d t<OSO«# (0 20m#EWlirS-|S]4 5 d ) A^^ilS. 
[00623 

^j£#a<. &m®#<o^irto£XLx&Zfr&*mzi^uc&#x-$>& t i>^*.h . 
tfz. rmmftimmmfts tte. mm&w r < j co^^ttsr^-rs vw?*.*) 
m^kx-hht^th. 

[00633 

JJ&>«lMLtt4 e . Rlf. gifffl[5eli. -e<7)^#*>^ r VJ CO&mtf. 

^mttf. mm®#<?>^i}mzttLxmzfr&ijfoiztofkLtzm#X't>i> t t>^th. 
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ttz. rnmm»#mffltj tit, mm&w r VJ ^s^j^ts^wsw 

#ttT&£kivUS. 
[0064] 

H2(tii*-t-J:3&. S*E[Jjlrtr(ei4 5ci:^#Wairfi-(6l4 5 d kJiSWcSTC 
fc.g>. £«ofc«). IWAtf»tt«|*tt«)^rrt*iS^u:KW* ( 9 0JK<O««Sr$rf ) « 

Sr5t HCffiiB LJ> d £ k *^Jt8tc^: & . 
[0065] 

a*. *«it«o3B»-cii. 01 • 2tc3i-j:*e. nattRi • 2fc*fi<?niwtfc*ifc 

«3t«6 • 7tfcttS«3t«?©JRM6a • 7ali. «SI4 • 5fcJ: OBftSftS . ±MW 
2*rtl««»9ap*rtl4 5c ■ 4 5d»=»LT4 5*«)*flEt4UTV^*. 
[0066] 

AO^M*ttO^-rti]^'3[VHrii3c-r& ( 9 OS^SSr^-T) &®K*-f 

Jtl2ffi3t«6 • 70«3t«[«RIRW6 a • 7ak<7tf%K**4 SgtftflS* 

[0067] 

^m^mmcowrm^zn^x . «*«3«. hi <t>> tst-tiscwra 

•y?m<7>m?m : ?tLxmmi.nz>. iKtf-tx. ^izw2tt&m&®wm}Wzti 
lx. wm-titefiwi. 4 5 mnft&ZKrmzmxmmi ««a^ 

^StC^rCE^&tU^k^O^jS^ <P) ti. P (%) =Si n2 (20) £<0M.mi>b 

tih. -en^*... -tE<?#4 5s<o^®a*?r 1 o o%k-m«r. im9 oxgult* 

tllfAt&c?>mzl±&^&£GLX^&t&lt>tL&ZbfrL>. ±IB<9{±> 3 5S<0< 

3 £. m&tfmtif&fci iz^mzem2tiz>m*m=?X'it. mmmw. 
WjM. wm-rms. *y&to!^iz&if&&m!im?>\t>i (ytyrxto) m&4 ■ 
5iz£&n.mijaiTMzm,x. 4 ss± 1 os*^, xonmut4 5^±5^m. 

St»3i^(44 5K<7)^JKS:'S:-r£i:t\ m&mZ&kitt •&£ btfflmzteh. £tz. 

metiK 3 5B.<e<^s&x-hix\i. ±jfiwfett*s»«>««fc*fL-c. sv^am 

*k«t4>it*. -tteto*. ^mm<mmizjjk-rxoiz. v^amtimiR 1 k«hht is 
waosit*«**TOi. #m*a«ra^ie]4 5 c • 4 5dom^ER6niw«tof&±-r&7e^ 

mH^Ttt^rAk. ±iB«3K«6 • 7<0©iRIS6a • 7 a i#$r-fflE#*;h.-?iTj&4 5 

a (4 5K±i oftsfeffiaeoA. »awc<i4 5JE±5««oeHrt, gtssitcku 
*>*ma*3>>ctt9 os ( 9 os± 2 ox£tt*>«art. jfiatctt9 os± 1 os^sh 

Pi. St>$iTiiC{±9 0S) fcaMH* U*. 

[0068] 

JJESSSami. Witf. JJE««Wffi4 ■ 5**K»t4»*lfc*«lfc. SIS 2 k 2:, B 
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[0069] 
[0070] 

»RT»4B«* (n) <0i*tt8WWifcWiT»S*»fe, JJSKJMHMtt*. SftOEPflO 
[0071] 

tffi ) ->t siE-r & £ t zmm lvalues** t am* <o . x&mn-ti&n-Kmt 

[0072] 

H;frtta« L . JK^WtCfP^tt ( E««fcJlT«rrJMUf J: V » ) ft?TT-*> -9 T 

) *»JW*«»T*4. 
[0073] 

m&*mztt&fa<?ittT<r)MWTm<mfoL. w&mmmtzztizx oawfrsai 

T 1 rxWtfrtoTV&mm 0 ttWW &£ fctCfc 9. 5 VfMZ&n Ltz®«cr>5FFtf 
[0074] 

ti&v. mzmfcztib i><DT'iite<,\ ±Mzmikmmt ltu. 

[0075] 

4fc. LTJi. TffiUBft* ( 1 ) ~ ( 7 ) -C3%3*L*«JMHMI 

[0076] 
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C3H7O 




(1 ) 



C5H11O 




(2) 



C7H15O 




(3) 



C5H11 




(4) 




C3H7— ( H 



• • » 



(5) 



C 5 H,i-( H 




(6) 



C7H15— ( H 




H 



OH 



(7) 



[0077] 



m&& ( 1 ) X'm$tihi&&mmi±* 3ocb (4 - \,tj -a' - n - roe^* 
^^t'7*-;u) . flWW ( 2) T»**i*«*ttlMni« 50CB (4 - s^rv • 4 1 

- n - ^y^**^?*-^) . fitJlSS ( 3 ) T5*Sii*«att»»i. 7 0CB < 
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4 - isTJ - 4 1 - n - *<T+)V**\s\:? 3.-1V) . WJtSC ( 4 ) -C^$flSfSfltt% 
5CB (4 -isTJ - 4" - n •^fR'7x-/H . ffimsZ ( 5 ) T*$ilft 
iKflttBjBtt. 3HPFF ( 1 , 2 - - 4- [b7^-4 - (h7^-4 

- n - rotVUi^o^^/U) isfw^i/iV} . *8&5£ (6 ) T^Sftft 
iffii&ttf&lStt. 5HPFF ( 1, 2 - i/7;M-n- 4 - [h^X- 4 - ( 4 

- n - *0"f-;PS/?0'V*S/7P) isfa^isA,} ^V-te>) . (7 ) X'TjkZtll 
mSk&WSte. 7HPFF (1.2- itytUXa- 4 - Ib^yx- 4 - ( b5XX- 4 

- n - ^T^-JUi^^a^i^fU) S^O'V*^] "0"tf>') Tfcft. 
[0078] 

«i. i»«wfcLTffl»-^*i4. a*. ?8Uitt«B«i. ias±#(2ffo-c. warn* 

»UMMWto*-SMHi. *-7f-v?«TI*fir<. »affi-^^rffliaffilJU:0^^rffi«J!8 

[0079] 

^-f h^aiBi!)i£i»* j aDisi#ai:LTatrr&) mzxo. iMmrnmLftztomw 

j!&J±lzll<&LXm^Xi>£\,\ ttz. <3)±J2S8il • 2*>*J*5r<.fc t- 
[0080] 

JUBttJMHMTt*. «fltt*«**/,TV>*£ t L< . JJBiSflttMSi: LXWi 

ft**, mfiwzii-mnuftizwLm Lft»F(«ti»TiBiTjbi ? 

±is75^^t, smxizttLxmyi {&m&rtn wwcjbh*** 

[0081] 

*». uzmn&mmz. 3fco«*j:9M>3fr&*tfTft«/J>Hnyrus>»**L.. * 

<i?7*?0>& («&) #0. 1/cmJilT. o4>3. yfro&ft <ASt3t«ft) iOt^S 

/z mJjlTCMUf . US? 7 l> *fcTOH*i=*f LT2§9BT$> ft . 
[0082] 

RBJSS*i*v>. JJSSAttlMtti. #^OE?iJ*<, XOttJtUT < y 

l:aii*a-t'7?ffl (JMMHUR2. 4, 7#!H) fc*LTV»Tt»J:v*. *i-f» 
7fflttJJ£i8JM4«J«i: LTttffir ft - 1 ftjgatt!fe)®«0)aaffl<o-oT-ft 0 . * 

ltu. man. nata* <8> 
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[0083] 
[fl2l 




[0084] 

Tm2ti&BABH8mmfbtiz>. zoi. o^m^wsizm^wm-nxa . mm 

[0085] 

BABH8(1 136. 7 mi, 1 6 lXXJ.T<?)igjmmX'ii. JfcOfcAiaiT*)**- 

K&Zip-rz k X\ W&-3)UTlZX^X&1fr%&miki:'ftoZ k**?* & . 
[0086] 

-U. JhfeBABH8<7)i&Jg&. mtlilMZUzm^^^m^X 1 3 6 . 7*CUU: 
. 1 6 lX^TKSJSPL/Srtf^. ®Sb4 ■ 5 (fi^mSfi) fSK«ffi£9ttn-f &k. 

sir*. 

[0087] 

afroTOSOTPttlKi. 13 6. 7Ta2UL. l 6 HCfiTFaajHU. -t%*>h, 
2 0Ki:V^j£^iaEKffltcJ3^r^L> k v:ftiai: : 2:S. Z.<ntzth. JtieBABH8£± 

Mm§,®vmbLT:mmLtz&&. iaj£®wzw>x®mz'tTozttfX'$2>. 

. ±IEBABH8*»4.'5r.|»«®e3(i. «»e«Jlc?c£$:fflT'& Stt&aftttSM&P 
[0088] 

o^ffit tT(S^^fiFS:iK3tci3®<offiav>f ;di7;^ 3 ^^NfireiSKstciaa^ 
«*• ««£P4Mbt* (ffiK (»A) +fc«tt^*«ttS-£fc»*JR, KIT. W-iSatae 

[0089] 

^MMMtlMItfaAS^TV^TfcJ:^. 3 6£ti, *»l«tlRlK:8B««iiT^*J:d ! Sf 

5>«t-3 *y/m3W*»ta L/C f» J: vi. 
[0090] 

JUfflMHHWti: LTtt. We«^H L 2:*^S£k^*S*K. fflXif- h n 
^y-tfVSWfKfliaWlk LXW&X'bb. -hn^y-Vyltfi-W&Zm-n&n 

<o—nx-t>i>. 
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[0091) 
[0092) 

?Dffl (SmD) 3 

XX?*"7?D« (SmD) li. ±iejRfe1S!i«J®i:L-C«ffl-r«.£fc* t T'&i»?gfltt!H3 
[0093) 

K4fcK«*>TK-«# (9) (10) 
[0094) 
[<K3J 



o 




[0095) 

•c«s*i* an b c i emtmfhixh . ±!e-ffist ( 9 ) ■ do) cawr . 

mJiffigOBSL JMfctttt*. — ffi^ ( 9 ) fc*$Wtttm = 1 6 . (10) Cfc^ 

Tlii«=15JfL. Xi±-N0 2 ££5cf. 
[00%) 

±l£ANBC16ti. 17 1. 0\>-197. 2X:<Offl«effl»CfcV^T. X*?+;9 

f-'f?Dffl{±. *i-t'>y?#ftt±S:3r-rS. £*>*#>. ^^^^-•y^Dfflti. 
[0097) 

. A N B C 1 6 tfX* 9 + y 9 DfflSr^'T±IE«Oia«SltStCfc . A N B C 1 6 ItZ^ft 

s-EiwD-mtf. anbc 1 6cr>irt-&mz%&mijm<&<£thte#>. tt=F-tfm%-irfoiz 
&zot LTi&?mmizmw*ktz>. anbc i 6tc3fc^ws^it*^-ri 

. frfc. ANBC16KRB<9-f. ^^-T-y^DfflSr^-r^^TJbiltf. ^gSS^SSO 
[0098] 

igfl-7'(yOi?/i,i/ 3 >'tli < jmtt0R3tc£vvrilft3*i*:. O/Wffivf 

) OiA^^-^hotr-y^ffifa^XISJgU^^XT^ (S-&^) ottSrc**. 
[0099] 
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. ^Vf •^Sfiffl^^tt-t hotv ^MtfeS^^f ^y7/t'7i^ (5C 
ytiOA/DT'f H (DDAB) <0*?SfSi:<OS^* J S)*. -TOS^i. 08*><fc 
[0100] 

0 0AgftT'$>*>. dK^^^-zHi;^^.!: 0-«rS«/h?^. gS-fc/UA* 
H^Tca^H^i'^C^t-CfcO , %®.$.*JUZ*>bt,Z5CBtfmtttt l Z&1iilLX 

[0101] 

*ti. ±i&nm.ismzWih-? \ mj&Kwmmzitx.tmizmii&ztikL. ^mwimizxi 

[0102] 

(^^njss'j^i:) izmifx^zxoKms.ft&nm&imm-rz. ttz 
»$-fc/Ma#*>&. 0ioc 'j^hat-y^fflafflo^jaia^-r. 

[0103] 

tt#IB JSttS'J'Cfc h Kfy^t h II ^AeOyjogifr^NVW-S y «> AcOykigJKI? 
f-uy®**«iykSfcLT(S<.I S . ffiCi>. x^-u 

v** ^ h -y ^*s-^<7)*^fflET- t s -tivtmm- £ . 

[0104] 

«9*i&Ai£ mt t Lx&m lx t . mmotmznhz t *<t-s * . 

[01053 

iftg, jSffi. nmiSmico^mz^'yXli. m*&t&*&tiJ s Xh.&h'>fz®. 
$-t)l'tffifSLZtLhZ\bti i —mz&L>1xX^&. Z<7)Xo%m$±Mi. xaeaWciiSHr 

vte. (itS-te/MfSjt) 5^-rSU5rhotf-y^fSa<0-^T*S. 

[0106] 

ifc. ft4*>&fmiS&!P}X'$>Z'<>'?3Z*u>? , V a- ii— KtS^x-- r^O* 
iS?K£ii. Ell Ot^L^«k3'5:, ^^ffl^^-t'-y ?ffi£5jrfi8£fc«fcy"i&£1S 
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[0107] 

5 f" v ? XfSfffctta.T ±IS D D A B £ figffl-fl. £ fc (2 «fc T . Mi* L/.:SSA-?4 7 OX 

vrt^ 3 >- fc Ea«rffii*i«ai £ fc T* !» . 

[0108] 

Jlvf ? ox-77U^ h yCfc v *T D D A B izKz.XlMZ'ry v y l> IkCA 
[0109] 

C=JW*f-y -y^y^-1SD 

mfummtLx, aux7-v-v?7>i—ttzmm-rz>zt&x'$z,. 0 

[0110] 

awsriwrc* | j. WKmMzi^x&ftwrtmtLxyt^wmif&tfftm-z. -f* 

Dl/Xf'J^r/l-fflfl «96«JcWa»*ttS:*U, m#9#jnKJ:-?Ti8lk»- 
[0111] 

aWJ •y^T'/U-fflS-arTftlSfc LTtt. r JC1041j (MA 

*.f7Vtt«B^«ft)t4 8. 2££%. f5CBj (4-V-T/-4 ' -"O-f-^ 
t'7i-;k y 7 iSA) 5:4 7. 4SS%. rzLI-4572j (iffifi*. X)V 

. 330. 7K*»*,331. 8 K*>iS£BSBT. 3 UXr 'J -y 9 TVl—ffi* 

[0112] 
C^.^^f-y^T'/P-ffl: 

1CI1 •y^7'/l'-ffi<Oi|B&|fi^*<^$*trol>. 
[0113] 

01 l 3 ^;f7;7/k-(BP s „ ) ffili, 3Xf'J7?r/h-«i 
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[0114 J 

frfc . 9 * 7 771— ffiSrjjrf «3®i LT(i. WHS. 1tft¥fXffi6 KISKSftT 
0&FH/FH/HH-14BTMHC^#^«%ftS. fg^SffcL 74. 4*C~73. 
2*CT'BP S „ 3ffl. 73. 2X>-72. 3*CT'B P s m 2ffl, 72. 3*C-72. It: 

*fe*WW*tt*«*8*l4. ifFH/FH/HH-14BTMH 
ct=^#2rEpj[rfSt, *IW**^#^K:m£3fc**£fcfcJ:9tl*#5*. Gift 

[0115] 

[0116] 
[0117] 

JbJBMWACtt, mMMHU:. ^ffl-^ B B B ffltae»aK^^S2S3gJ;LhO?S 8 B B 
[0118] 

♦ 

[0119] 

a^-a^?B* < 2 oo— 5 o o<ofcosrfflv>sc u\ ^a^* { 2 o o x *) 

&OTHffl±Jf?£L<*v\ *mWM6*«5 0 0J:9fc*H**. IP**- SUMS 
^. 

[0120] 

*>*JBv>*£fcjMM! U>. ^^rffl-JKft«ffll^iaS* 1 2 0X:j:0t>(K^*&. SiSS 
[0121] 
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[0122) 

#2S16*>^©T»±, JJBffiflttftiffJ: LT. ±etffiftA ( 1 ) - ( 3 ) T*S*l 

&m&mm. 3ocb, socb, 7ocBz*ti?n®mm.-&Lti 

{><MZ? vm%M&m>J C* 1 04 1 XX (f»ylM) 1 7*fi%ffi£-U£ 
[0123) 

^HWt LTJis ZL1 - 4 57 2 O/U^ttH) . CI 5 (*SW?ttH) . CN 

O^ttS) . ifctt. CBl 5 (jOl^ttK) &fc'#>W£;h.&. *SgftO}B 

[0124] 

«*«>eH«M:**«fc:* 0 . ttll^teN&aimE* J: 0 mfr&Z b tfT S & . 
[0125] 

JblB«flAK:*jtt6*-f 9/MW«iM6«. MKAfcSwc. flEAttftftaflBt* 
«JEft8*tik*n5iKraWtPft*ujr. W«:RjeSii$rvv*. Witf. 1-1 5«S% 

[0126] 

*fc. ±ie«®A»-t>tti.4ifi^«!)®ojaig(±. mwai2*jvvc. nuM&Mtnn&to 
«(t«ftffiiHM^>aiKu. agctHMaaoL as?***)**, wstrnziai 

[0127] 

aM?J6«0»S8tJ:iltf. JLiem©4 • 5bLX I TO£<$jBU tM5/tn. mfl&iasg 
«l5Atm. &g/I3<9JiIS: (-f**>*>S«l • 2EK0KRI) SSjumfcU «'«AiLT 
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0. IK) mEEPiDSrft^wt^iO. JSiI3s£-SMI;$ii-&£ 

101283 

mz. *&&<0Bm?>m^?tzt5ii&m7jkMmiz'o\->T . 03 (a) • <b) , 04 

. RV, m 5 ( a ) ~ ( g ) 5r#!Stc LT«TtCittBj-t& . 
[0129] 

[0130] 

03 (a) it. «IMS|EPJID«JB (OFF«i) (Cfc(tl»*^S6^JSW«^^Offlfi)t 
t«TOfc^fll»TOBrC'*"), 03 (b) li. 1g#EPflD#JK (ONtfJS) k:fc(fS# 
IliSiO^cO^^OlSfigi^^Wt^-t-SgC^ffiSX'J)^. 03 (a) • (b 

) is, ±ie^#^tzfcft& ia^*^fi£s-^-rt»<otu. iftB«o®a±. M^imm2 

1 OfllBStCOV ii0^5r i S-B|-r h . 
[0131] 

s^K. 04{±. 01 (a) • (b) izT^m^mtt&vhmiimEtim&bnm 
teZm-tyvyx-bh. ttz. 05 (a) ~ ( g ) ii. m?r<Dfm<,zx&%.¥mmiT&<7> 

mm (OFFtts) tixvmiiwbm (oN*yg) tc*j»tsi«@w%w=5r®»f^fBR 
ftvf&tt (mftmmFiftvv'onnB&izxyfrr) tixxf^^i.m^^iizxw^iz^-r 
mw®x'$>*). 05 (a) ~~ <g) a. imz. w.ftnwwzxhmw&ii&.n'stittm 
mLx$ttZTio&^*<nwmmi&f (oFF*tis) commrn. mn^r^ms.w 

iD^ (ONtffi) «OBf®0. TN (Twisted Nenatic)^Oig#|£Uj^-? (Z>ffiE£lEMjOI$ 
<9HW0. iSTN^CO^H^^^-O^EEKftOfif^Bf^. VA (Vertical Alignment 

) *^<o?s^*ig^co«E«ie«jDi^)»rBS0. mvAttnmfy&m*<r>%,mmm 

OBrffi0. IPS (In Plane Switching) tt<r>m&%^*<?>WSMmW*f<rMffim. 

is 1 p s^:^?gfi«^s^omJiEH(ra^coBfBD0Sr^-r. 

[0132] 

ttjroammi. —mt,zimtt'rc%<iTftt l zz.r>xm%-r>T^h. zomtfrmnm 
mm.**!* (mwim&iift) . mimwffttm (mm^ij^)'x-i}^mmm4 • 5 

. X 2 . X 3 ) fcffltrVCTEBWIB: ( 1 ) 
[0133] 
[SCI] 




XiXj=l 



(1) 



[0134] 

(nj |=n u , i, j=l, 2, 3) 
±i£B9^ ( 1 ) ZmPi#V>£Mi1i1*W&m% (Y, . Y 2 . Y 3 ) Sr&ffl LT»£iTf 

t . Tiera^ ( 2 ) 

[0135] 
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-^ + -^- + ^==1 •••(2) 
n, n 2 n 3 

[0136] 

TTnZtiZ. n, . n 2 . n 3 (JUT. nx, ny, nztlE - ^) l±±S#rS&fc$fc$iX, 
[0137] 

a. i p s-tr££mi,zmfrmw-f& . 

[0138] 

05 (c) • (d) fcijrf iofc. TN^OJSfla^R^Ji. *tHdSBS#T>i— 
SKI 0 1 • 1 0 2R13KAJI1 0 5tftm*tl. _UBWS«1 0 1-10 2_LC-Ht-f 
it^Bjm 1 0 3 -104 («S) #R»t4>*iTi****fc*-U ^EKWIWiai. ?K 

^fcfcfrSViWWrBJWIIPJ*! 0 5 a{±, «EE«gmt::f2, 05(c) IZtfcTX o 

■was. 05 (d) ^•r.t^tc. -e<o±«ii*-r&i* I s«BiiffiS^ia]5-^<. « 

jWWM"* (SifrSMf R<* 1 0 5 a**EME"*-* ) . 
[0139] 

V A ttnmSkf&r&lrii . 05 (e) • (f ) K*rf <fc ttMHS^ *tO 
S«2 0 1-20 2n»=jKAJB2 0 5jW»»**U ±IBM^2 01-20 2±IC«l'P 

ji&hvs 203 • 2 04tfm*.btix^&mi&.t:GL. mEM^tamza. m 

fc*»t6T*»Wrffl*f4MllR*2 0 5 aii. 05(e) tC*rtJ: 3t=, «flE*feR&OB*fc{i 
, ^cOifHrtrifi] #2*niii£|ft3rmfrn*. 05 (f ) Kjjrf £ oK, 

tmizij.*<7)±.mij[iiitfmBmK*mttft (mmprtfo) *m<. -r&fc^s vaj 

•it. 8»WR*2 0 5a*>^ttJfcb4>rfc:. ^OiWWWTOfrf* (Sflr^fg 
P3«:2 0 5a*ill]lE-rS) . 
[0140] 

I PS**«JBJWI«JIHF«. 05 (f) • (s) tti*?J:3t:. H-*HHK3 
0 lit. I***>mffi3 0 2-30 3jWtfm«lS*tfclMtt:*L. 0*kL&v 
kOiatC»a*$*t!taiWBt:, ±I5^Sb3 0 2 • 3O3teJ:9WE0«SianS*i*£i:T'. 

A2r*«>ttll«i*JIH t J:PWL 05 ( f ) ^-rmE^9JSD^fc05 (g> t^TSEEED 
*PK*3 0 5a#GMW*) . 
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[0141] 

rajtTfco. wamu-r^ztizx^x^^mir^mt^xm^ (m&mcogm 

[0142] 

fOTLT^fr^fUfSTBi. 05(a) • ( b ) Kjjrf «fc o mEilEPJD^cfctt 
&atlT$Mf P3tt3 a«^tt. -t&fc^ **Wte»* (nx = ny = nz. lEftfc 
ffJS= 0 ) T*> 0 . «S5rEPJ[rri> £ k ICJ; ^TJIfttt (nx>ny, EfflR*K> 0 ) 
aWIW-fciStefcoTV**. «r*i. ±IBnx, ny. nzJi. Ztl^tl. MK&Fff 

<Stt%tt2ri4) «±JB«f*. S<SM(c¥^'5r^r6j (S8OI«0|) -W»oW«S4 • 5 

[0143] 

SfliUfcn) T«i«ii^lfKt»S**ifclcJ:oT«jS*ff5 ft* 
tfJ&fi^n^Ffc (i^JKS* 5 ^^ <^=5r->TV^. 
[0144] 

^m<mwnmm=F\t. (a) (&i?fj:*(c. «s&4 • 5fc*E*BttoL-o* 

[0145] 

03 (b) (^-r«totc. sfl§4 • 5«:«BEt8aiirr*fc. ±I£«©a<d##^ 
wsmsd&mth. zcowmvmmzxL wma ■ sm^mzmtxmm^cr,^ 

[0146] 

*fc*>(Cifi»WLEli** C»jftO^-<m±«iMtC«0^1 o o varao^ 

[0147] 

mw&iiW)immbz . wflm//. n xtts t . arasfswk < a n = n//- n x 

) k, ftffBJF. ?-=5r*>^m#E <v/m) k<0M#te. TEBMIW ( 3 ) 
A n = A - B k ■ E 2 ••• (3) 

T«*#t*. AttUffi+TOAltfcOKft (m) . B k {i#-ja& (m/V2 ) , 
BUEpAlQIHIK ( V/m ) f»6 . 
[0148] 

rt-5g&Bte, ffiJK <T) «o_k#k biilzi/ (T— Tn i ) icJtMf'&Hk'CM0' , f 
SCk^fclfcilT^S. £*>£*>, #-5£»B<i. (Tn i ) JfiflrTWiSV^Sfi 

jrrwfSTv^fckurt. sue (t> *«±»^6kktfc3ft«t=*s»mHME*«iii 

M»*^4fcttfc«fi«*«ffiW** fflHWLhflSUfCtt. W10 0VJ2TF 

[0149] 
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[0150] 

X^lZbX\ ±IElEf6lO^OS^V>$r[fi]±$-ti-|,ii:*<T-&, J: 9*&$r«SOfc3*3& 
JR. mtliXO^^-^^hZb^T^h. 
[0151 J 

±Me$H*M}&Z'&ZZbtfX£Zz.-ttUi. ¥HzmZZtihi><r>X'it%^tf. ±ii 

m®tmm?immizj:*)Bi8.Lt:M-&. &t&%mfoVim&iik-tzbfrL>, ±ie^mtt 
mmb ixaimmmzm^zz. t#x os* u>. o^^mmm^x-t^v 4 
s.v\mm.. mm&m<. m^xmtitiwi^m^i-zb^h. uiemmmmtt 

[0152] 

. ±E»Ki±fc. ±fE®^sffi4 • 5zmo±iiz&f&ttux±<. towmnfttm 
ftztizw ttz, ±MimLi±iz&vbtit:mmim®b. as*2±<cR»fc*ifc»« 
tt^Mtti, ±ie®^ffi4 • 5<omm^4ai ■ 5^^m^x^Hzmfmz 

[0153] 

Slate, JJ£i2i«!]Blt=fc(t4iHi*i (im) ffiteffiftOirentcErtrt- 
[0154] 

fc. .hEHS&gl lfcitmflSSl 2C*Jtf4Sv^oMia]«®C -^«o<I?t«©JR 
WtTSf ^(iiI3E-ri»^ri«fJO* 3 FiE(p]J&S?rMt. ttrtft&m-X&nlifo, o$>), IE 
±ie(i7t«©lRll!ii: 3 Ffi : i!t{iii3£-r4^|6)CLT*J<Ci:T, -tOft^S 
*i-t:m*2l£hZbtfX'$&. *^S6oJB.W=fcv^T, JiiEffiSggffil lfcfctt 

6*fr*]S8ii 2^o^^l^Il®^®^^*TE^^a^aHi* ^ Sfi^^lT^^SCi:•C^ ss^mossesa. 
fi8®£«88®A£fl§fi£-f£# ; f<i. #^SB8&i&Jg*?i<9iaKT\ JtlEEm«KIK:*S»t* 

[0155] 
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[01561 

jtf. *mmv>Mmx'u. nmnAt lx. ±im&& < 1 ) - < 3 ) xfaztizm 

JHHM. -ftc*>%. 30CB. 50CB,&1^ 1 OCZZ*tlZtti$m.m&Lte{><?) 

iz, 7",mmm.£mihJc - io4ixx (^yyttss) *i7es%. #4 5/hfjzl 

1 -4 572 (^Ol^fcS!) £3Sa%, n- Kx*ySr2fi*%^aoUJt t*0?rffl^7t 
[0157] 

m-m <r>ttmzw.±j*®<r)i§jg. 0 tflfrtttvax. mt\f+ 0 . 1 k > 

« A^g^ns - jfofiffifflsiKfiiagtt. 5 4tti)o/:. -r^^. ±iaK®A<i, 5 4-c 

[0158] 

UBS* (2>&tf (4) T**ii*«IHHMr. 50CB,X^. 5CB£* 

iViftK. Mz.li+0. IK) C&*>. mEEpflQfcfrofcJSS, g*385S2PSrf#4>*l«.Ep;!ra 
®Et±, 5 3Vt*ofc. 2*, itSS^O^^^-CJi:, ^tt^cofflK^ffl^i 0 t 

sfflMnmm+x'it. xMm&&*b*£i±ti&miixij { £.tx^tz. ttz. m?m - 
m&mmcommztmiz i,xmtiw>><±$ < swt ^ . 

[0159] 

?*< mBTizfmmmo&Ttfmix'Z tz. 

[0160] 

immcomjfm^x'H. &?m-&mfm&tt<?>i5%&i&&&mizLx . w=« 

?^Cli:SrSi*LTO*. ZhlzM^j:^. w8><?>2mx'&<t-rh*-y>mzSLZ>m&m 
C03c<t£tt LX . S£tt#Jt*HHJ: 9 tUS^c h ^ LT v**> . 
[0161] 

^*U±, *9lffl^m®<oa^^)jaS3fA*fc, 30CB, 5 0CB. 70CB. »V 
. 7 x«^^?Sa J C - 10 4 1 XXtfAft-Tt itCl 1 ). WiiflsT-tf>SS3rffi 

[0162] 
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[01631 
[0164] 

[£JH±<0*iJffl*Ttgtf:3 
[01653 

vtfA-^ffaOAOB. t'-f*;M7. -f>-'?/l^>7. aKffmiSSfOffiSS 

[0166] 

[013 ( a ) {i^«9JjD^C«(f4*^^<7)|^^^Jg^a^^^a5^1Ra& 

^fi<jtc*-rajiffiiaT*j) o . ( b ) limjzmmmiziiv&xmmn-mmnmK 
m?(7>g&n®B&mf8.t:mamz7jk-tsimm-ci>& . 
[02 3 *ft*mmte<n^m<r>&^¥izt3iizwmmtmmmw.m t com®*®. 

[033 ( a ) ijigffiieiJiD*tii{cfc«ts Jiie«^^«ssr^wti^-risf®0r* 
o . ( b ) urns. muw&fctev&±um^™m&zimmzii?*mmmT$> § . 

[ 04 3 ±fSSl7K5SWCfc » h ElUD«E fc SiS* t 008138 £ *rf ^ y 7 T*> h . 

[053 JiffiS^i 1 fc t*3lW)i8fl*jS*^ k <om^&Mff>m > £ . fKE«EPtOB**5.}:tf 

0 . ( b ) (i^SSom©^* > *»S«*S?^5«ffi6PlIDB#«OBrM0T<b 0 . ( c ) (4TN 
S£E9JJn^)ffiiB0T3!> •? . ( e ) li v A^t^m&^jfm^m&mmmiommmx- 

h 0 . ( f ) (i V A^O?Sa^SR^O«EEpJO^<OSIiS0t'ft 0 . ( g ) (4 I P S# 
^EEniD^)Brffi0Tib s . 

[063 X>^f-y7DfflCi3ft4^jL-f y^J^tt«0fl|jtS:. D-H*7h7-?t 
7 r ;PT'5jrm^0T*S. 

[ 07 3 A > 7 y 9 D ffltcfc »t h * a - 1* •/ ? ttffctt OflfcS Sr >K-rgi5£0T'*> h . 

[083 ass -74 7ni7;^3 y^m^-biunm^co-mim-rm^mx'tih . 
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[091 i&flivf ?oi7^3 vcoais-fe^fflig^ofttsco^Sr^-r^ia-cAs. 

[010] 'J^Koe«y^?SAffl^SiaT'J>S. 

[flrf*>ift*yn 

[0167] 

I SIS 

2 

3 MEM 

4 (^GPiO^a) 

4 a mft«Bft 

5 Sffi <«#Epjn#&) 

5 a ®®35# 

6 flB^fic . 

7 flBftg 

I I wmm& ims.) 

1 2 ttfflSK (£80 

4 5c, 4 5 d S^ER90^(6) 

A «E* 
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l®6] 



[07] 
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[08] [09] 
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F?--M#sg-> 2H088 GA03 GA04 GA10 
JA14 JA22 KA19 
2H092 GA13 GA14 NAOl 



GA11 GA15 GA17 HA02 HA03 JA03 JA06 
KA20 MAIO MA20 

NA05 NA26 QA05 QA08 QAIO QA11 QA15 



